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1.  DEI'IUITIOIS.   A  structure  as.  defined  in  the  "Century  Diction- 
ary" is  a  production  or  piece  of  work  artificially  "built  up,  or  • 
computed  of  parts  joined  together  in  some  definite  manner.  As 
usei  in  this  hook,  however,  the  word  will  he  restricted  in  its 
lueaning  to  a  part  or  comhination  of  parts  eonstructed  to  hold 
11  .yTJTiriBRIM  definite  forces,  v;ith  special  reference  to 
bridges  and  "buildings, 

Sti-uctuiRS  may  he  either  STATIOALIiY  DETEEMIHED  or  STATI- 
CALLY UF.aii:'rL'PiM Llft'D ,  statically  deteimined  structures  ase 
those  in  v/hich  the  reactions  and  primary  stresses  can  he  com- 
puted hy  statics.   Structures  for  which  the-^a  functions  cannot 
he  ohtain&d  hy  statios  helong  to  the  second  class, 

A  !dEID(iE'  is  a  structure  'built  co   pr-vide  tianspy^rtation 
aor^sn  s^me  natural  or  artificial  ohs":;aoJ  e  such  as  a  ri'^er, 
ra-'.'inb.  s-^reet  or  railroaa.   The  torrji  inolales  not  only  the 
Bnperd true  cure  of  wood,  metal,  or  maaon'r*;/  hut  alt'o  the  eub- 
struG-or^re  v/hioh  may  consist  of  masonry  piers  and  ahutemer.ts,  or 
of  steel  towers.   The  su.per  strict  are  may  consist  of  simple 
heama  supported  at  tlie  ends  directly  o.n  the  masonry,  or  in 
cas3  of  long  spans  supported  on  crobs  heams  which  are  themselves 
Bup-poited  at  the  ®ncls  hy  g-iriei'S,  titisses  or  arches.    In  the 
latter  case  the  longitudinal  heams  are  >j:i.^wn  as   SlTil.WGlfiP.S  and 
the  cress  heams  as  ]?:0CO"R  KELA^M 3  -    The  comhination  of  stringers 
and  flocvr  heama  is  usually  referred  to  as  th©  hridge  floor. 
As  a  clear  conception  of  the  .fLinctiozi  of  the  .stri.a^ers  and  floor 
heams  is  esFential  to  the  unie-st-Hiu'-ing  of  the  m3.tter  which  fol- 
lows, the  student  is  adyised  to  stui^;  carrifally  i'igs .  la  and 
Ih,  Ic  and  Id  and  to  examine  Som&  of  the  hridge s  in  his  yicinity. 
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Fig.    la. 


G>-etCii  Showing  Steel  V'or^  of  a  Single  Traci^  R.  R.  Bridge, 

All  bracing  is  onltted  fro/i  si-etcli  for  clearness.    strin^:- 
ers  are  separate  "oea-is  sanported  at  each  end  on  the  floor  "ceaias  v/hich 
are  in  turn  supported  on  the  trasses  '"hich  carry  the  loads  to  the 
abutinents.     Th.e  trasses  are  supported  on  the  abutnents  at  points 


'1  c  •y         •■>  "^  (1      f'. 


Th.e  a-out-.isnts  are  not   shown  in  the  s>:etch. 


I  BEAf^   AND   Plate:  GfROEiR  Br/dg-e^s. 
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Span  —  Cen/rv  ^  Cen/f^  ^ Bearing. 
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Bridges  may  "be  either  thraagh^  deck,  or  half  "through. 
Throv.gh  'br:..dge??  are  these  tha  J.opth  of  which  is  sufficient  to 
pcr-rjCv'  t.ho  x'.so  of  over'ci.ead  crosEi  b-raoing.   In  g.eci;:  "oridj^-es 
the  cri'V/ftTcitritcture  is  helow  the  roaavay  and  in  snor^  ra-ilroad 
spana  the  floor  systems  is  sometimes  omitted,  the  ties  "being 
SL^poortei  Ilreotly  on  the  top  of  the  girders  or  tnisees.  Half- 
throTigh  'bridges  are  those  in  which  the  floor  is  supported  ai 
an  sf^vation  below  the  top  of  the  supporting  girders  or  trusses, 
hut  which  have  insufficient  depth  to  permit  the  use  of  overhead 
bxaoing.   In  such  hridges  the  top  chords  of  the  girders  or 
tn;;.s8BS  are  "braced  laterally  "by  hrackets  or  Icnee  oraces  instead 
of  transverse  "bracing. 

TTiiether  a  de<jk  or  through  hridge  should  he  used  for  a  given 
location  depends  upon  the  external  conditions.   In  general, 
"brr'i fLgna  of  oonsid3ra"ble  span  are  "built  as  through  structures 
unless  the  approaches  on  either  side  are  at  a  considerable 
e"Jv>raf;ion  above  the  obstacle  to  be  crossed.   The  solution  of 
thip  piystion.  for  a  given  oase  is  usually  obvious  and  will  not 
be  considered  here. 

2.  FORCES.  The  forces  acting  upon  a  structure  may  be  divided  into 
two  classes;  outer  and  inner .   The  outer  forces  consist  of  the 
applied  loads  and  the  resultant  reactions,  and  may  be  divided 
into  two  distinct  types;  live  or  moving  loads,  and  dead  or  quies« 
cent  loads.   The  inner  forces  are  the  molecular  forces  which 
are  brought  into  action  by  the  outer  forces  and  hold  them  in 
aquilibrium.   The  dead  load  includes  the  weight  of  the  struct- 
ure itself,  and  all  of  its  permanent  quiescent  load  such  as  the 
pavement  on  highway  bridges;  the  rails,  and  other  track  ap- 
purtenances on  railroad  bridges;  the  floors,  walls,  roofs,  and 
partitions  in  buildings.   The  live  load  consists  of  all  forces 
which  are  applied  intermittently.  For  bridges  these  may  be  loco- 
motives and  cars,  vehicles,  pedestrians,,  snow  and  wind;  for 
buildings  they  consist  of  people,  snow,  wind,  offio©  furnishings 
and  partitions. 

3.  OUTER  FORCES.   The  determination  of  the  intensity,  distribu- 
tion, and  point  of  application  of  the  outer  forces  is  often 
difficult  and  requires  mature  Judgment  based  upon  extensive 
experienae.   For  structures  of  great  magnitude  the  question  Is 
particularly  complicated  and  of  vital  importance;  the  design 

of  such  structures  should  never  be  attempted  without  a  thorough 
study  of  this  problem  In  its  relation  to  the  structure  in  ques- 
tion.  In  the  following  articles  some  of  the  difficulties  in 
the  way  of  an  exact  solution  of  the  question  will  b©  presented 
an.d  data  given  for  use  In  the  solution  of  the  more  common  oases. 

4.  "WBIffiT  OF  STRUCTUEH.   It  is  impossible  to  determine  accurately 
the  weight  of  a  given  structure  before  the  completion  of  the 
design.   It  is  equally  impossible  to  design  the  structure  with 
precision  until  its  weight  is  known.   It  is  therefore  necessary 
in  all  oases  to  make  use*  a»f  approximate  methods  of  solution, 
first  assuming  the  weight,  then  designing  with  the  assumed  data, 
then  computing  the  v/eight  and  revising  the  design  in  tlfe  light 

of  the  new  information  thus  obtained.   For  the  more  common  types 
of  structure  data  accumulated  by  experience  may  be  used  by  the 
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denigncr  and  the  first  assumption  made  v/lth  sufficient  accur- 
acy to  make  revision  unnecessary,   Jor  structures  out  of  the 
ordinary  and  particularly  those  in  which  the  v;eight  of  the 
structure  itself  is  a  large  percentage  of  the  total  load, 
several  revisions  are  sometimes  necessary,  and  a  final  compu- 
tation of  the  weight  after  the  completion  of  the  detailed 
drawings  and  iDefore  the  commencement  of  shop  work,  should  never 
"be  omitted.   The  failure  to.  do  this  in  the  huge  Quchec  "bridge 
which  failed  during  erection  in  1907,  resulted  in  serious  errors 
in  the  stresses  for  which  the  structure  was  designed. 

In  all  cases  the  designer  should  first  design  completely 
the  minor  portions  of  the  structure  and  determine  their  weight 
carefully  so  as  to  eliminate  as  much  uncertainty  as  possihlo* 
For  example,  in  the  design  of  a  railroad  "bridge,  the  stringers 
should  first  "be  figured  and  their  weight  carefully  determined, 
the  floor  beams  may  then  "be  designed,  and  then  the  lateral 
"bracing,  thus  giving  considera"ble  information  as  to  the  total 
weight  of  the  "bridge  and  throwing  the  uncertainty  into  the 
main  girders  or  trusses. 

5.  FORMULAS  FOR  7^:1011  OR  RAILROAD  BRIDGES.   It  is  possi'ble  to 
estimate  the  weight  of  railroad  "bridges  more  accurately  than 
other  typos  of  lmj)ortant  structures  since  there  is  less  varia- 
tion in  loads  and  conditions.   Current  practice  on  first  class 
American  railv/ays  differs  "but  little  and  the  following  formulas 
may  "bo  used  to  ohtain  a  preliminary  estimate  of  the  weight  of 
"bridges  for  such  railways.   These  formulas  are  derived  to  fit 
the  curves  given  for  the  v/oight  of  car"bon.  steel  hridg-es  iDy 
Dr.  J.  A.  L.  H/addell  in  his  paper  entitled  ''Hickel  Steel  for 
Bridges"  published  in  the  "Transactions  of  the  American  Society 
of  Civil  Engineers."  Vol.  LXIII,  pages  165  to  172.   These  bridges 
were  designed  in  accordance  v^lth  the  Waddell  specifications  as 
given  in  "De  Ponti"bus,"  John  Wiley  and  Sons,  pu^bllohers  ,  and  for 
two  locomotives  each  weighing  with  tender  161 „5  tons  followed  hy 
a  uniform  load  of  4600  l"bs.  per  foot  of  track. 

For  v/oights  of  cantilever  spans  and  nickel  steel  "bridges 
the  reader  is  referred  to  the  original  paper.   For  "brid.'/;e3 
designed  for  either  heavier  or  lighter  loads  these  weigh t;s  may 
"be  altered  in  a  somewhat  less  proportion  than  the  live  loads 
in  acooxuanco  with  the  designer's  Judgment. 
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|T,=  -weight   in  pounds   ot   steal  per  linear  foot  cf  bridge. 
L  -  Span    in  fe:;t   bet^/een  centres   of    end  bcariu^js. 
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V/=30    +    15L 

L=7:ft.to    100   ft. 
vr  ^^  170   +   13. 8L 


L-30ft.to    7Cft. 
W=    760   +   13L 

L=70ft    to    130   ft. 
W=   B74   +    16. 8L 

L^lOOft.to    115   ft. 
w  =   1740 

L=ll5ft .to   200   ft. 
T/  =--    724   +   8,83L 

L=lCOft.to    150   ft. 
vr  -  2115+3. 5L+C.05L^ 

L-150ft.to   200ft. 
TF=980-  +18. 6L 


L=170ft.to    370xt. 
T7=600+S.57L 

L=180ft,t0    550   ft 
yF=l .'^74+15  >7L 


L=35'^ft.to    60Cft. 
vr=-108+lC.88L 

Ji=55Cft.to    60.Jft. 
V^1548+14..  72L 


6a 
5b 
6c 

5d 
5e 

Ef 

5h 
5i 

5j 
5k 

61 
5ra 


TABULATED  HAILROAD   BRIDGE   rffilGHTS.      In.^jrder   that   the   student 
may  compare  the  weights  given  by  above  •  formulas  v^ith  an   inde- 
po-ident   set   of  values  the  follovring  table  has  been  prepared 
comparing  some  of   the  Treights  thus,  obteiiled  with  the  weights 
of   short    span  bridges   furnished  by  Mr.   A.   M.    Knowles,    Assis- 
tant  Bridge  Engineer  of   the  Erie  ,R.   R, 
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fonmilas  Designs. 

20  ft»   Siji^le-'traclj:  deck  plate  girder  420  S^O 

"  "          "            "  642  700 

n  n            n               ii  933  ^000 

"  "          "             "  1274  1100 

"  "          "             "  1555  1400 
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Tlie  atove  figures  do  not  give  the  gross  weight.   To  ohtain 
^■^thls  add  from  400  to  450  Ihs.  per  foot  depending  upon  the  oon- 
^struotion  to  allow  for  -weight  of  track. 

7.  APPROXIMAIUS  TW3S  T7EIS5TS.   Bridges  differing  materially  from 
those  prerrioualy  oonsidered  and  for  which  other  data  is  not 
ayailable  may  be  estimated  by  tho'-s  following  rule  de-^isel  oy 
GlarencQ  W.HtLds«n, Consulting  Engineer,  45  Broadway,  ¥ew  York. 

maxijnnm  liya  stress  In  "bottom  chcrd. 
impeot  in  member  -.in  vrhi-nh  I.  occmi'S. 
dfead  siTL-fess  la  same  member  due  to  known  weight  of  flo«r, 

dead  weight  of  truss  and  bracing  (Guessed)* 

allowable  unit  stress  in  t  eons  ion. 
Ai  area  in  square  ln.ohes  of  member  in  whioh  L  occurs. 
«    w      T«   p^y  linear  unit  Af  5n©  trass. 
ya    .   weight  per  linear  foot  of  one  taxse 'aafl.  its  Jbraoinjg. 
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Then  A^ 


L  -^  I  /  Di  ^  D. 
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The  above  is  "based  upon  an  allov;ance  of  1,25  A-^   for  the 
■upper  chord,  1.25Ai  for  the  weh  members,  Ai  for  details,  and 
,5Ai  for  bracing.   The  weight  of  steel  is  used  in  round  figures 
aB  10  lbs.  per  sq.  inoh  of  cross  section  for  a  bar  one  yard  in 
length. 

This  method  is  said  to  give  a  very  close  estimate  of  the- 
actual  weight. 

8.  T7EIGST  OP  HI(2IV;AY  BRIDGES.   The  weight  of  highv/ay  bridg-es  is' 
less  easily  determined  than  that  of  railroad  bridges  since  the 
width;  span,  floor  covering  and  character  of  loading  are  subject 
to  wide  variations.   Formulas  have  been  deduced  for  special 
cases  but  these  are  of  little  value  and  will  not  be  quoted.   The 
designer  should  proceed  step  by  step  as  previously  stated  and 
if  experienced  should  obtain  good  results.   The  method  given 
in  Article  7  may  be  applied  in  order  to  obtain  an  approximate 
truss  weight. 

The  following  table  is  printed  through  the  kindness  of 
William  Jackson,  City  Engineer  of  Boston,  Mass.,  and  may  be 
used  in  determining  v;eight  of  floor  covering. 


Weight  of  Pay ing  toterial, 


ITOTE;-- 


(B.M.  =  Board  Measure  ) 


48  lbs. per  oub.fi 


Hard  (yellov/)  pine 4  lbs.  per  ft.  B.M.- 

Creo-rssinate  yellow  pine  paving  blocks. - 
Spru3e  fi-nd  v;hite  pine. -2  l/2  lbs. per  ft.B.M. 

Bricks  -  presse-d  and  paving. 

Portland  cement  concrete. 

Tar  concrete, (Base  for  Asphalt  walks, etc.) 

(Siliolan  rook  (Simpson  Bros.) 
Trinidad  Asphalt  (Barber  Asphalt  Co.  JHefined 

as  laid 

Granolithic  or  artificial  stone, 

Pavements  (exclusive  of  sand  cushion) 

6"  granite  block 

4"  brick 

4"  wood  block  (creo-resinate) . 

Roadway  waterproofing--- 

r  1/4  "  thick  (felt, roof ing, pitch,  sand  and  road  pitch). 
Buckle  plates 10  lbs  to  20  lbs  per  sq .  ft. 

WEICIHT  GJB'  ROOF  TEUSSES.   The  weight  of  roof  trusses  depends  upon 
the  span,  distance  apart  of  trusses,  roof  covering,  and  roof 
piych.   The  conditions  are  somewhat  more  uniform  than  for  high- 
way iurldgen  and  formilas    for  approximate  weights  may  be  used 
with  some  degree  of  success. 
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The  f  orciula  >^  v/hich 
Ricker  and  represents  the 
for  spans  from  EO  ft.  to 
of  traases  varied  from  10 
to  1/4  the  span.  The  ro 
T/ooden  sheathing  carrying 
as  20  lbs.  per  horizontal 
square  foot  on  a  vertical 
roof.  Trusses  of  yellov/ 
pine  with  steel  verticals 


follov/3  were  deduced  hy  U.  Clifford 
weight  of  50  roof  trusses  designed 

200  ft.  in  length.   The  distance  apart 
ft.  to  30  ft.  and  the  rise  from  l/lO 

of 3  v/ere  assumed  as  covered  with  V/S" 
painted  tin.   The  snow  load  \,'as  taken 
square  foot  and  wind  as  30  Ihs .  per 
plane,  reduced  to  allov;  for  pitch  of 
pine  \7ith  steel  verticals,  of  v;hite 
and  entirely  of  steel  v/ere  included. 


Let  W  =  weight  of  truss  in  lbs.  per  square  foot  of  hori- 
zontal projection  of  roof. 

Let  S  r  span  in  feet. 

S   S2 

W  ^  -  +■ 

25   6000 

Steel  trusses  of  shorter  spans  than  100  ft.  probably 
v/eigh  somewhat  more  than  the  value  given  by  the  formula ^  and 
T/hlte  pine  trusses  are  somewhat  lighter  than  those  of  yello\; 
pine . 

ffor  roof  trusses  under  varying  conditions ,  the  value  given 
by  the  formula  may  be  modified  or  the  designer  may  use  his 
.judgment . 

For  \7eights  of  various  roof  coverings  see  table  v/hioh 
follow; - 

The  follov/ing  table  gives  the  approximate  weights  per 
square  foot  of  roof  surface  for  some  of  the  roof  coverings  in 
common  use.   (See  also  latter  portion  of  Article  15) 

Pine  shingles--- E        lbs 

Corrugated  iron,  without  sheathing 1  to   3.75 

Pelt  and  asphalt, without  sheathing 2 

PKlt  and  gravel,  v/ithout  sheathing 5  to  10 

Slate,  l/4"  thick  9 

TiUs  withoxit  sheathing .75 

Skylight  glass,  3-16"  to  l/S",  including 

frames,  4  to  10 

Y/hite  pine  sheathing,  7/8"  thick 2 

Yellav  pine  sheathing, 7/8"  thick 4 

Tiles,  flat 15  to   20 

Tiles,  corrugated 8  to   10 

Tiles,  on  concrete  slabs 30  to  35 

Plastered  ceiling 10  to  15 

■^"  See  "Bulletin  Ho.  16"  of  the  University  of  Illinois, 
Engineering  Experiment  Station,  entitled  "A  Study  of  Roof  Truss 
62*'  by  11'. Clifford  Ricker,  D.  Arch.  Professor  of  Architecture. 
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10.  WEIGHT  OP  STEEL  Ci^PICl!  BUlLEIIiGS.  Uo  attempt  \:ill  "be  made  to 
give  data  as  to  tlio  v/eight  of  steel  frame  wor'k  of  'buildings  of 
this  character.   The  v/eights  of  walls,  floors,  partitions,  and 
fire  proofing  form  a  considerahle  proportion  of  tlie  veight  of 
such  structures,  hut  these  should  be  estimated  in  detail  de- 
pending upon  the  character  of  construction  as  determined  from 
the  architects'  plans. 

The  follov/ing  values  may  he  used  to  give  idea  of  the 
v/eight  of  these  portions  of  the  building. 


llaple  floor  7/8"  thick  'Jt.  per  sq.  ft. 

Brick  v/all  per  superficial  sq.ft.  Wt.per.in.  of 


Hollow  tile  floor  arch. 
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For  minimum  v/eight  of  fireproof  floors  use  75  lbs.  per  sc  .  ft. 

and  for  office  buildings  add  10  Ibc.  per  sq .  ft,  to  this  to  allov; 
for  movable  partition. 

Porous  terra-cotta  partitions  Thickness  3"  TJt.per.sq.  ft.  16  lbs 

IT            Tl           It               II  IT           ^11   II       TT     IT       TT  ]_g  IT 

IT             IT           II               If  tl          gll   11       IT     II       TT  22  II 

IT            II           II               TT  Tl           gll   II       ir     II       IT  23  " 

II                      Tl               lift                         II  II                  on     It            II        II            II  22  II 


Furring,  Roofing  and  Ceiling. 
Porous  torra-cotta  furring  Thiclmess 

roofing  " 
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Concrete  for  "building  work  may  "be  made  with  cinders, 
"broken  stone,  or  gravel, 

The  weight  of   cinder  concrete  may  he  taken  as  112  lbs. 
per  en.  ft. 

The  weight  of  gravel  may  he  taken  as  150  Ihs .  per  cu.  ft. 
"    "     "  trap  concrete  or  gravel  concrete  may  he 
taken  as  160  Ihs.  per  ou.  ft. 

If  concrete  is  reenforced  with  steel  add  4  Ihs.  per  cu. 
ft.  to  above  weights. 

Fireproof ing  for  columns  or  beams  may  be  either  of  terra 
cotta  or  concrete.   The  thickness  should  be  not  less  than  2 
inches.  The  weight  per  foot  depends  upon  the  size  of  the  mem- 
ber to  be  protected. 

11.  LITE  LOADS  FOR  RAILEOAD  BRIDGES.    It  is  possible  to  determine 
definitely  the  weights  of  the  locomotives  and  oars  used  upon  a 
given  railroad.   In  consequence  the  actual  live  loads  crossing 
a  given  bridge  can  be  ascertained  v^ith  considerable  escaotness 
though  it  is  necessary  to  make  due  allow^ance  for  the  effect  of 
high  speed,  irregularities  in  track,  and  other  dynamic  effects 
which  do  not  occur  when  the  loads  are  at  rest.   These  dynamic 
forces  are  considered  in  Articlas  17  and  18  and  will  be  neg- 
lected for  the  present. 

In  the  design  fox  a  new  bridge  it  is  also  desirable  to 
Biake  due  allowance  for  future  increase  in  weight  of  locomotives 
and  oars,  hence  the  loads  for  whioh  bridges  are  designed  may  he 
somewhat  heavier  than  those  which  are  in  actual  use  at  the  time 
of  construction  though  the  factor  of  safety  (see  Article  20) 
provides  to  some  extent  for  such  increase. 

As  to  the  type  and  number  of  locomotives  and  character  of 
train  loading,  American  practice  is  fairly  uniform. 

Two  combinations  are  usually  considered. 

a.  Two  consolidation  locomotives  followed  by  a  uniform  load 
per  foot. 

b.  A  pair  of  axles  with  loads  somev/hat  heavier  than  those  of 
the  consolidation  engine  and  no  uniform  load. 

The  former  loading  gives  the  maximum  for  most  cases  hut  the 
latter  is  sometimes  the  controlling  factor  for  stringers,  short 
beam  spans,  and  minor  truss  members. 

In  designing,  the  effect  of  rails  and  ties  in  distributing 
the  locomotive  load  is  usually  neglected,  the  wheel  loads  being 
taken  as  applied  at  points. 

As  the  actual  variation  in  wheel  spacing  and  loads  for 
locomotives  of  different  makes  is  often  slight  it  has  become 
in  recent  years  the  custom  amongst  many  railroads  to  specify 
the  typical  locomotives,  firsb  proposed  by  Theodore  Cooper, 
Co/Lsulting  Engineer,  of  45  Broadway,  lew  Yoxk.    In  these  loco- 
motives the  distance  betv/een  axles  are  in  even  feet  and  the 
wheel  loads  in  even  thousands  of  pounds.   Wliile  these  loads 
and  spaces  may  not  represent  actual  cases  they  agree  closely 
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with  average  locomotives  and  are  imich  simpler  to  deal  with 
than  loadings  in  odd  hundreds  of  pounds,  and  a::ile  spaoings  in 
feet  and  inches.  Moreover,  the  -uncertain  developments  of  the 
future  and  the  unknown  effect  of  impact  make  the  use  of  such 
typical  loads  little  less  accurate  than  the  use  of  actual  en- 
gines . 

Pig.  11  shows  Cooper's  Ei^q  locomotive  which  is  suitable 
for  loads  carrying  heavy  traffic. 

Loads  in  thousands  of  lbs.  per  axle. 

Uniform  load 

^v.  o  o  c,  o   '"  "^  '^  "^  U  0  ,0  0  ,0   i]  '•?  '^  '^    [5000  lbs. 

COOO  0     OooqOOOOO     ooco 


8'  5'  5'  5'  9'  5'6'5*8'  8'   5'  5'  5'  9'   5'5'5'5' 
Cooper's  Typical  Locomotives,  E5 q 

For   other  conditions  types  Imown  as  Ego.  E40,  Eso.etc. 
are  used,  these  differing  from  the  E50  ts^pe  in  weight  only;  for 
e:n;ample  in  the  E40  type  the  driving  wheel  axle  loads  are 
40000  lbs.  instead  of  50000  lbs.,  while  the  other  loads  are  pro- 
portionate.  This  has  the  advantage  of  allowing  tables  of  mo- 
ments and  shears  made  for  one  type  to  be  readily  used  for 
another  type  by  multiplying  by  a  simpler  ratio.   Such  tables  are 
now  incorporated  in  numerous  hand  books  and  specifications. 

Before  leaving  the  subject  a  few  words  as  to  other  methods 
of  loadings  are  desirable.   Some  years  ago  there  was  consider- 
able agitation  in  favor  of  adopting  a  uniform  load,  in  order  to 
simplify  computation.   The  advantage  is  obvious  to  those  who 
are  familiar  with  such  work,  but  the  disadvantage  is  that  in 
order  to  obtain  properly  proportioned  trusses  this  load  must 
necessarily  vary  for  different  spans,  and  for  different  members 
in  the  same  span.   This  offsets  to  a  considerable  extent  the 
advantage  gained.   Moreover  the  adoption  of  the  above  standard 
loadings  has  further  simplified  the  labor  of  computation  for 
actual  wheel  loads  so  that  at  the  present  time  it  is  believed 
that  for  ordinary  structures  the  advantage  of  using  a  uniform 
load  is  too  small  to  consider,   For  oomplioated  trusses  a 
combination  of  the  two  methods  is  probably  best;  viz:  the  use 
of  wheel  concentrations  for  veb  members  and  of  a  uniform  load 
for  the  chords,  since  the  approximation  for  the  chords  by  using 
a  uniform  load  is  less  than  for  the  web  members . 

12.  LIVE  LOADS  FOR  EIOIWAY  BRIDGES.    The  magnitude  and  character 
of  such  loads  depends  almost  entirely  upon  the  location  of  the 
bridge.   If  it  be  a  large  city  or  in  a  district  where  heavy 
manufactured  articles  ^  or  quarried  stones  of  great  v;elght  are  to 
be  transported  it  is  quite  probable  that  wagon  loads  from  20  to 
30  tons  may  at  times  pass  over  the  bridge.   Electric  carloads 
of  from  40  to  50  tons  should  also  be  assximed  as  such  oars  are 
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already  in  use  in  some  portions  of  the  United  States,  while 
the  construction  of  interurhan  electric  lines  in  many  sec- 
tions of  the  country  indicates  a  future  wide  spread  extension 
of  heavy  street  car  traffic.   The  amount  of  foot  travel  and 
ordinary  vehicular  traffic  on  highv/ay  bridges  la  also  some- 
thing to  "be  carefully  studied.   The  weight  per  square  foot 
from  a  orov/d  of  people  may  reach  the  high  figure  of  150  Ihs . 
which  is  prohahly  heavier  than  the  weight  per  foot  from  horses 
and  wagons  on  the  roadway.   To  assume,  however,  that  such  a 
load  is  likely  to  occur  over  the  entire  surface  of  an  ordinary 
"bridge  is  absurd,  and  the  longer  and  wider  the  bridge  the  less 
the  load  that  should  be  taken.   In  fact  every  considerable  high- 
way bridge  ia  in  itself  a  problem  In  loading  and  should  be  care- 
fully studied.   The  following  clause  from  The  Massachusetts 
Railroad  Commissioner's  "Specifications  for  Bridges  carrying 
Electric  Railways,"  prepared  by  Professor  Seorge  P.  Swain, 
Bridge  Engineer  of  the  Commission  may,  however,  be  used  as  a 
broad  general  guide  for  the  determination  of  the  loads  for 
ordinary  highway  bridges . 

"(a)  Por  city  bridges,  subject  to  heavy  loads ;- 
"For  the  floor  and  its  supports,  a  uniform  load  of  100 
pounds  per  square  foot  of  surface  of  the  roadway  and  side- 
walks, or  a  concentrated  load  of  20  tons  on  tv/o  axles  12  feet 
apart.   In  computing  the  floor  beams  and  supports j  the  rail7;ay 
load  shall  be  assumed,  together  with  eithe.?  (1)  this  uniform 
load  extending  up  to  within  two  feet  of  the  rails,  or  ik)   the 
above  described  concentrated  load  alone. 

"Por  the  trusses  or  girders,  100  pounds  per  square  foot 
of  floor  surface  for  spans  of  100  feet  or  less,  SO  pounds  for 
spans  of  200  feet  or  over,  and  proportionally  for  intermediate 
spans.   This  uniform  load  is  to  be  taken  as  covering  the  floor 
up  to  within  two  feet  of  the  rails. 

(b)  For  suburban  or  town  bridges,  or  heavy  country 
highway  bridges ;- 

"For  the  floor  and  its  supports,  a  uniform  load  of  100 
pounds  per  square  foot,  or  a  concentrated  load  of  12  tons  on 
two  axles  8  feet  apart;  these  loads  to  be  used  as  described 
under  (a). 

"For  the  trusses  or  girders,  80  pounds "per  square  foot  of 
floor  surface  for  spans  of  100  feet  or  less,  and  60  pounds  for 
spans  of  200  feet  or  more,  and  proportionally  for  intermediate 
spans;  to  be  used  as  described  under  (a).   (See  d. ) 

"(o)  For  light  country  highway  bridges ;- 

"For  the  floor  and  its  supports,  a  uniform  load  of  80 
pounds  per  sauare  foot ;  this  load  to  be  used  as  described 
under  (a).   (See  d. ) 

"For  the  trusses  or  girders,  80  pounds  per  square  foot  of 
floor  surface  for  spans  of  75  feet  or  less,  and  50  pounds  for 
spans  of  200  feet  or  more,  and  proportionally  for  intermediate 
spans;  to  be  used  as  described  uijder  (a) 

"(d)  All  parts  of  the  floor  of  a  highway  bridge  should 
also  be  proportioned  to  carry  a  road  roller  weighing  16  tons, 
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and  having  three  wheels  or  rollers,  the  weight  on  the  front 
roller  being  6  tons,  and  the  v/eight  on  eaoh  rear  roller  to  "be 
4.5  tons.   The  v/idth  of  the  front  rollers  to  be  taken  as  4 
feet,  and  of  each  rear  roller  20  inches;  the  distance  apart 
of  the  two  rear  rollers  to  he  5  feet  centre  to  centre,  and  the 
distance  "between  front  and  rear  rollers  11  feet  centre  to 
centre.   In  using  these  loads,  if  the  stringers  are  not  over 
2  1/2  feet  apart  on  centres,  each  load  shall  he  considered 
distributed  equally  on  two  stringers;  and  the  fibre  stresses 
allowed  shall  be  50  per  cent  above  those  specified  in  para- 
graph 18."  i.  e.  (16000   450^)." 

Snow  and  ice  load  icust  also  be  considered  in  computing 
the  stresses  in  draw  spans  when  open  since  such  stresses  may 
attain  considerable  importance.   The  magnitude  of  these  loads 
in  the  vicinity  of  Kew  York  will  probably  not  exceed  10  lbs. 
per  square  foot .   For  fixed  span  bridges  snow  need  not  be 
taken  into  account  since  the  maximum  wagon  and  other  loads 
will  not  occur  simultaneously  v/ith  the  snow  load. 

13.  LIVE  LOAliS  for  BUIIDIHGS .  '  The  proper  loads  for  buildings  de- 
pends upon  the  purpose  for  v;hich  the  building  is  to  be  used, 
and  in  the  larger  cities  is  generally  prescribed  by  law. 

The  live  loads  which  follow  are  the  minimam  live  loads 
prescribed  by  the  present  Hew  York  City  building  laws  and 
represent  good  practice;- 

yiOORS 

Dwelling  house.  Apartment  house;  or  hotel  60  lbs.  per  sq .  ft. 
Office  building  -  First  floor 

"      "       Other  floors 
School  house 

Stable  or  carriage  house 
Place  of  public  assembly 
Ordinary  stores  or  light  manufacturing 

or  light  Storage  120  "    "   "   " 

Stores  v/here  heavy  materials  are  kept, 

v^arehouses,  and  factories  150  "    "   "   " 

EOOFS  • 

All  roofs  with  pitch  less  than  20°,  50  lbs .per .sq. ft, of  surface 
"    "     "    "   more   "  20°,  30  "   "   "  "   "  horizon- 
tal projection  of  surface. 

"For  columns  of  dwellings,  office  buildings,  stares, 
stables,  and  public  buildings  \ihen.   over  five  stories  in  height 
a  reduction  of  the  live  loads  may  be  made  as  follov/s;- 

"For  roof  and  top  floor  use  full  live  load;  for  each  suc- 
ceeding lower  floor  reduce  live  load  by  five  per  cent,  until 
fifty  per  cent,  of  the  live  loads  fixed  by  this  section  is 
reached,  v;hen  such  reduction  or  such  reduced  loads  shall  be 
used  for  all  remaining  floors." 
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A  complete  discussion  of  the  s-ubject  of  floor  loads  would 
be  too  lengthy  for  these  notes  and  the  student  is  referred  for 
further  information  to  the  article  ty   C.  G,  Schne:ider  in  the 
"Trans.  Am.  Soc .  C.  1.  Yol.  IIV,  page  371  et  seq.  with  the 
ensuing  discussion. 

Wind  load,  \7ind  pressure  is  a  suh^ect  upon  v/hich  little 
exact  information  exists,  although  many  experiments  have  teen 
made  and  much  study  given  to  the  subject  hy  engineers  and 
scientists.   Among  the  unsettled  questions  are;- 

The  relation  "between  pressure  and  velocity. 

Tha  variation  of  presHure  with  siee  and  shape  of  exposed 
plane  surfaces . 

The  direction  and  intensity  of  pressure  upon  non-verti- 
cal surfaces. 

The  intensity  of  pressure  upon  non-planer  surfaces. 

The  total  pressure  upon  a  number  of  parallel  bars  or 
other  members  placed  side  by  side. 

The  decrease  of  pressure  upon  leev/ard  surfaces. 

The  lifting  powers  of  the  wind. 

In  comment  upon  the  above  it  may  b©  said  that  the  pressure 
varies  about  as  the  square  of  the  velocity  and  that  the  re- 
sults given  by  different  experimenters  vary  from 

P  =  .0O5V^  to  P  =  s0032V^ 

of  which  the  latter  value  represents  the  result  of  unusually 
oareful  experiments  by  Stanton  *  upon  the  intensity  of  pressure 
on  plates  varying  in  size  for  25  to  100  sq.  ft.  and  is  probably 
more  nearly  correct  than  the  higher  value.   In  these  formulas 

P  =  pressure  in  pounds  per  square  foot, 
V  =  velocity  in  miles  per  hour. 

In  th.e  Stanton  formula  the  values  are  reduced  to  corres- 
pond to  a  temperature  of  60°  F  and  an  atmospheric  pressure  of 
14.7  lbs.  per  sq.  inch. 

The  variation  of  pressure  with  size  and  shape  of  exposed 
surface  is  important  and  is  not  well  understood,  although  it 
is  sure  that  the  resultant  pressure  on  a  large  surface  may  be 
taken  as  less  per  square  foot  than  that  on  a  small  surface, 
since  the  maximum  intensity  of  the  wind  is  due  to  gusts  of 
comparatively  small  cross  section. 

The  pressure  upon  vertical  plane  surfaces  may  be  taken 
as  normal  to  the  surface  and  equal  in  intensity  to  the  assumed 
wind  pressure.   Upon  surfaces  which  are  not  vertical,  the 
pressure  is  usually  considered  as  normal  to  the  surface  but 

*See  "Minutes  of  Proceedings  of  the  Institute  of  Civil 
Engineers."   Vols.  156  and  171. 
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lower   in   intensity  than  upon  vertical   surfaces.      The  variation 
in  pressure  with  respect  to  the  slope  is  not  well  understood 
and  a  number  of    empirical  f  onnulas  are   in  use  among  which  may- 
be noted  the  much  used  Duchemin  f onaula. 


Pn  =  P 


2    sin   i 
1+   sin^i 


and  the  Hutton  formula  Pn  =  P  sin  i^^-^^^  ^^^   ^~'^' 
in  which  P  =  intensity  of  normal  pressure  upon  the 
given  surface* 


14a 

14b 


p  =     »      »f    B      It      II   a 

vertical  surface. 

i  =  angle  made  by  surface  with  the  horizontal . 

A  theoretical  formula  may  be  deduced  by  making  the  assump- 
tion that  the  wind  always  blows  in  horizontal  lines,  and  that 
if  the  pressure  be  resolved  into  normal  and  tangential  com- 
ponents the  tangential  component  may.  be  neglected.  Upon  this 
basis  the  following  formula  may  be  derived  using  the  nomen- 
clature Just  given. 


Pn  =  P  sin^i 


14c 


This  formula  may  be   demonstrated   in  the  following  manner ;- 


Pig,    14a. 

L6t   thft  wind  be  assumed  as  blowing  against  the  surface  ab 
of   height  be  and  making  an  angle   1  with  the  horizontal.     Let 


the   le;-.gth  of   the  surface 
plane  of   the  paper. 


be   one  foot,   pei-TJendicular  to  the 
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Let  P  =  intensity  per  sq,  ft.  of  tha  horizontal  wind 
force  on  a  vertios.l  srarfaoe. 

let  Pn  :n:  intensity  per  sq,  ft.  of  the  normal  force  acting' 
on  surface  ah* 

Let  Pt  -     "     "   "   "  "   •*  tangential  force 
actijag  on  surfaoe  ah. 


fhe  total-  horizontal  pressure  on  surface  ah  then  equals  Ph. 

sii 
sii 
ah 


""  normal  component  of  this  pressure  ■•  Ph  sin  i 
"  Intensity  of  the  normal  oomponent  ~  Ph  sin  i 


h         Pn  =  P  sin  ^  i 
But  ah  e:  '  -     '  ' 

sin  i 

This  forraala  gives  lower  values  than  the  empirical  formu- 
lae 14a  and  14h  and  prohahly  gives  too  lev?  values  since  it 
^kes  no  allowance  for  the  reduction  in  pressure  on  the  lee~ 
ward  Bide  which  is  known  to  exist  and  whi.oh  may  in  part  he 
attrihuted  to  the  influence  of  the  tangential  components  It 
should  also  he  noted  that  the  wind  does  pot  hlow  uniformly  in 
horizontal  lines  hut  may  deviate  considerahly  from  this  dir- 
ection. 

Cive  values  given  hy  these  three  formulas  are  tahulat&d  helow 
for  oomparison  using  an  assumed  value  of  30  Ihs.per.sq.ft .for  P. 


2  Sin  1 

1  ■ 

P  Sln2   I 

p _ 

I'^sinS 

i       P  sin  i 

f   1.84 

COST    i- 

-1} 

1 
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In  the  absence  ot   further  experience  upon  this  phase  of 
wind  pressure  it  dtouIcI  s«em  wise  to  use  one  of  the  empirical 
formulas  instead  of  the  theoretical  one,  and  the  Hut ton  formu- 
lae, 14b,  is  used  quite  generally  in  England  and  the  United 
States . 


The  follOTving  theorem  relating  to  the  wind  pressure  upon 
plane  surfaces  is  particularly  useful  in  determining  reactions 
upon  roof  trusses;- 

The  horizontal  component  of  the  tota,l  normal  pressure 
upon  a  plane  surface  equals  the  intensity  of  the  normal  pres- 
sure multiplied  by  the  area  of  the  vertical  projection  of  the 
surface,  and  the  vertical  component  of  the  total  normal  pres- 
sure equals  that  intensity  multiplied  by  the  area  of  the  hor- 
isontal  projection  of  the  surface. 

This  theorem  applies  to  any  surface  subjected  to  a  uni- 
formly distributed  normal  pressure  and  may  be  proven  as  f ol- 
lows;- 

intensity  of  a  normal  force 
acting  upon  surface  ab . 
horizontal  component  of 
total  normal  force  upon  ab, 
vertical  component  of  total 
normal  force  upon  ab . 
~  vertical  projection  of  ab . 
horir,ontal   "       "   " 

0  =  angle  between  ab  and  hori- 
Pig,  14b.  riontal. 

Assume  surface  ab  to  be  of  length 
unity  perpendicular  to  paper. 


9t 

pn  ^ 

It 

Ph  = 

ti 

Pv  = 

(1 

"be  "^ 

11 

ac  = 

Then  total  normal  pressure  on  ab 
z  ab  X  sin  6  =  Pn  X  ab 


PH  =  Pn 


=  Pn  X  ab. 
be 
X  —  --■  Pn  X  be . 
ab 

ac 
and  Pv  -  Pn  X  ab  X  cos   G  =  Pn  x  ab  x  —  -  Pn  x  ac , 

ab 
and  since  be  and  ac  are  the  vertical  and  horizontal  projec- 
tions of   the   area  ab   the  theorem   is  proven. 

It  will  be   observed  that   if   9   is   greater  than  45°  Pj^ 
will  be  larger  than  Pv,   and  if   less  than  45°   Pv  vrill  be 
greater  than  Pjj.      It    is   obvious  that   this   is   correct  since 
the   steeper  the  roof   the  greater  the  horizontal  component. 
When  0-90'^,    Pv  -  C   and  when  ©  =  o,    Ph  =  o. 

The  application  of  this  method,    to   the   solution  of   a  pro- 
blem is  given    in  Article   25,   problem  25c, 

The  pressure  upon  non-planar  surfaces   is   important    in 
the  case   of   chimneys,    stand-pipes,   and  other^obj ects . 
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If  the  asr-^unption.?  thai  were  made  in  the  deduction  of  fcrmuia 
14c  be  also  made  for  curved  surfaces  the  total  pressure  upon 
each  surface  can  be  easily  figured.  The  folloi^ing  demonstra- 
tion shov/s  the  solution  for  the  case  of  a  vertical  cylinder. 
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Let  ?  =  intensity  of  pressure  on  a 
vertical  plane. 

Let  Pn  =  pressure  on  a  plane  ma.l'ing 
an  angle  of  90^-0  with  the  horizon- 
tal =  P  sinS  (OQo-O) 

Let  Pt  =  tangential  component  of 
pressure  on  same  plane. 

The  nornal  pressure  on  the  differen- 
tial area  ab  subtended  by  thc<;dG 
=  P  sinS  (OO^-O  )  HL  do 

2 


As  the  tangential  component  Pt  is  neglected  by 
and  the  component  of  Pn  acting  upon  surface  o.b  in  a 
parallel  to  ef  is  balanced  by  an  equal  and  opposite 
upon  cd,  the  force  tending  to  overturn  the  cylinder 
sujTiraation  of    the   components   of   Pn  parallel  to  gm. 


hypothesis 
dii'ection 
component 
is   the 
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In  a  similar  manner  the  pressure  on  a  spherical  or  conical 
surface  may  be  computed. 

The  pressures  obtained  by  this  method  lack  experimental 
proof  but  are  probably  more  nearly  correct  than  the  pressure 
obtained  by  the  same  msthod  upon  plane  surfaces.   The  valuo 
given  for  tho  cylinder  is  quite  generally  used. 
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With  respect  to  the  total  pressure  upon  a  numher  of  para- 
llel "bars  placed  siae  hy  side  it  may  he  oetated  that  experiments 
previously  referred  to  indicate  that  the  total  pressure  on  a 
pair  of  circular  plates  placed  1  l/s  diar^eters  apart  is  less 
than  that  on  one  plate  from  which  the  conclusion  is  drawn,  that 
the  pressure  on  the  leeward  plate  is  in  a  direction  opposite 
to  current.   Wheal  plates  were  placed  2.15  diameters  apart  the 
resultant  pressure  on  the  two  plates  was  found  to  equal  that 
on  a  single  plate  and  the  shielding  effect  was  found  to  be  well 
maintained  with  wider  spacing,  since  at  a  distance  of  fiye  dia- 
meters, thG  total  pressure  was  only  1.78  that  on  a  single  plate. 

The  pressure  upon  the  windv.ard  side  of  an  exposed  surface 
is  a  function  of  the  density  and  velocity  of  the  air  currents. 
The  pressure  on  the  leev/ard  side  is  also  a  function  of  the 
shape  of  the  surface,  and  has  "been  sh07m  hy  numerous  experiments 
to  he  less  than  the  static  pressure  of  the  air  current.  The 
resultant  total  pressure  upon  a  surface  is  in  consequence  not 
only  a  function  of  the  direct  pressure  on  the  windward  side 
hut  also  of  the  pressure  on  the  leeward  side  which  in  turn  is 
a  function  of  the  form  of  the  surface.   It  is  therefore  douht-- 
ful  if  an  algebradftal  formula  can  be  deduced  v^hich  will  give 
the  pressure  on  surfaces  of  vai-ying  shape  with  any  consider- 
able degree  of  precision. 

In  the  case  of  a  very  rapid  reduction  of  atmospheric  pres- 
sure as  in  a  tornado  it  is  often  observed  that  building  roofs 
are  lifted  and  walls  blown  outward.   This  phenomenon  is  due  to 
the  air  in  the  building  which  is  under  more  or  leas  restraint 
changing  pressure  less  rapidly  than  the  outside  air  and  thereby 
producing  a  difference  in  pressure.   This  lifting  action  doubt- 
less occurs  to  a  greater  or  less  degree  whenever  the  external 
pressure  is  reduced,  and  should  be  guarded  against  by  anchor- 
ing roofs  securely  to  the  walls . 

The  many  uncertainties  connected  v/ith  v/ind  pressure  make 
worthless  the  attempts  to  specify  with  precision  its  magnitude 
and  direction.   In  the  lack  of  additional  information  and  fur-' 
ther  theoretical  studies  there  seems  to  be  no  reason  from  devia- 
ting from  the  common  rules  which  have  been  used  in  bridge  de- 
sign for  many  years  with  satisi^ctory  results.   These  rules  as 
applied  to  bridge  engineering  ;riay  be  stated  as  follows ;- 

The  portal,  vertical,  and  horizontal  bracing  shall  be  pro- 
portioned for  a  wind  pressure  of  30  pounds  per  square  foot 
on  "the  surface  of  a  train  averaging  10  square  feet  per  linear 
foot  and  beginning  2  feet,  6  inches  above  base  of  rail,  and 
on  the  exposed  surfaces  of  the  floor  system  and  both  trusses. 
The  train  pressure  shall  be  considered  as  a  moving  live  load, 
and  the  other  pressure  as  a  dead  load.   For  trusses  of  ordin- 
ary spans  the  wind  stresses  shall  also  be  computed  upon  the 
unloaded  bridge  for  a  pressure  of  50  pounds  per  square  foot, 
In  the  design  the  maximum  stress  computed  by  either  of  the 
above  methods  shall  be  used. 

The  wind  stresses  in  the  main  truss  members  shall  also  be 
oomputed,  but  if  the  combined  stress  in  any  members  due  to  dead 
load,  vertical  live  load,  and  wind  load  does  not  exceed  by  more' 
than  20^  the  allowable  unit  stress  no  allowance  in  the  main  mem- 
bers need  be  made  for  the  wind. 
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Tn  eomputing  the   area  of  expossc?.  surfaso  take  twice  the 
front  stiTfacs  of  jneinters  covijjOS3&.   of  many  tars,  ancl  1.5  that 
cf  ca:>:s  in  pairs.   The  pressuro  upon  the  ends  of  ties,  and  iipon 
the  (j^LaxH   timhers  s?ioald  net  he  negleoted  ancl  may  "be  considered 
as  one  square  foot  per  linear  foot  of  "bridge . 

For  wind  pressure  on  roofs  and  "buildings  it  is  coramon  prac- 
tioa  to  alloi7  SO  pounds  per  square  foot  acting  horizontally  in 
aiDy' direct ioii  upon  the  sides  and.  ends  of  buildings,  or  on  the 
Tertlcal  pro.}Ootlon  of  roofs.   It  is  also  yory  important  to 
fi^ra  the  wijid  stresses  on  the  steel  frame  considering  it  as 
an  indt^pendent  structure  v/ithout  v;alls,  floors,  or  partitions, 
since  of ton  failures  occur  in  erection. 

15  snC.T  LOAD,      The  weight  per  foot  of  sno'>,7  and  ice  varies  greatly 
with  climatic  conditions.   The  follov/ing  rule  suggested  hy  C.C. 
Sorjieidsr  in  the  paper  recently  referred  to  gives  reasonable 
results  for  conditions  similar  to  those  existing  in  Boston  and 
Kew  Yorlr. 

'■Dss  for  all  slopes  up  to  20*^  rith  the  horizontal  25  lbs. 
per  square  foot  of  horizontal  projection  of  roof.   Reduce  this 
vnluG  by  one  lb.  for  each  additional  degree  of  slope  up  to  45^ 
aboTO  chich  no  snov/  need  be  considered." 

To  determine  the  maximum  stresses  in  a  trass  member  v/ind 
and  enov;  must  be  properly  combined.   The  follov;ing  combination 
may  exist  and  should  be  considered. 

Dead  load  v/itfe  shot;  on  both  sides. 
"    «     "    "   "  one  side  and  T;ind  on  the  other. 
"    "     "   ice  of  10  lbs.  per  square  foot,  properly 
reduced  according  to  slopo,  on  both  sides,  and  v/ind  on  one  side. 
The  maximum  stress  as  determined  by  either  cf  these  combin- 
ations should  be  used. 

For  roof  tnisses  of  short  span  it  is  beooffiing  the  custom  to 
combine  the  snovi/,  v/ind,  and  dead  load  by  using  a  value  suffi- 
cient to  cover  thea  all.   The  following  are  suggested  by 
Schneider  as  minimum  loads  per  square  foot  rf  exposed  surface  to 
provide  for  combined  dead,  wind  and  snow  loads  on  spatis  less 
than  80  f set .   Those  loads  are  to  be  taken  an  acting  vertically o 

Lbs 
(on  boards 5 flat  slopes, 1  to  6  or  less      50 
,  ■   frravcl  or  composition (  ™   "   steep    "  more  than  1  to  6     45 

(  "  5"   flat  tile  or  cinder  concrete     60 

Corrugated  sheeting  on  boards  and  purlins  40 

Slate  on  boards  and  purlins  ,  •       50 

IT   n  3"_fiat  tile  or  cindrr  concrete  '       65 

Tile  on  steel  purlins  55 

Where  no  snoris  likely  to  occur  these  values  are  to  be 
reduced  by  10  lbs.,  but  no  roof  is  to  be  designed  f«r  loss 
than  40  Ibn. 

Foi*  roofs  with  other  coverings  than  those  above  use  30  lbs. 
per  sq.  ft.  of  horizontal  projection  for  combined  effect  of 
snov/  and  \7ind  on  all  slopes. 
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Centrifugal  Porcg  and  ffriotlon.   For  railroad  bridges  on 
curves  the  effeot  of  centrifugaTTf orce  must  "be  considered.   This 
may  "be  oomputed  "by  the  following  formula  ;- 

C  =  0.03  W  D  for  a  curvature  up  to  5  degrees  vjhere 
C  =  centrifugal  force  in  pounds. 
W  —  weight  of  train  in  pounds . 
D  r:  degree  of  curvature. 
The  coefficient  for  centrifugal  force  (0.03)  shall  he  re- 
duced 0.001  for  every  degree  of  curvature  ahove  5  degrees. 

On  trestle  towers  and  similar  stru.ctures  the  longitudinal 
thrust  of  the  train  mu.st  be  considered*   This  may  he  taken  as 
haying  its  maximum  value  when  the  brakes  are  set  and  the  wheels 
sliding,  and  may  h©  computed  assuming  a  value  of  O.E  for  the 
coefficient  of  sliding  friction. 

Impact  on  Railroad  Bridges.   It  is  easy  to  determine  the  weight 
per  wheel  applied  to  a  railroad  bridge  by  the  locomotive  or 
oars  of  a  given  train  v;hen  at  rest,  but  \;hen  in  motion  the  ef- ' 
feet  of  vibration,  roughness  of  track,  rapidity  of  application, 
and  counterbalancing  of  locomotive  driving  wheels  can  not  be 
determined  theoretically  and  has  not  yet  been  precisely  deter- 
mined by  e>qperiment.   Ueither  is  the  distribution  of  these  loads 
by  rails  and  ties  a  matter  which  can  be  easily  ascertained.   In 
consequence  the  engineer  is  compelled  either  to  use  a  low  unit 
stress,  or  to  increase  the  live  stresses  by  an  allowance  for 
■"Stte^aot"  sufficient  to  cover  these  uncertainties.   The  latter 
method  is  more  scientific  ana  is  coming  into  general  use.   Im- 
pact is  used  in  Mechanics  to  mean  the  dynamic  effeot  of  a  sudden- 
ly applied  load,  but  as  used  in  bridge  engineering  it  stands  for 
the  increased  stress  produced  in  a  member  not  only  by  the  rapid 
application  of  the  load  but  also  by  the  other  causes  just  mention- 
ed and  the  term  "coefficient  of  impact"  is  given  to  the  factor  by 
which  the  live  stress  must  be  multiplied  to  obtain  the  impact, 
ISO   rational  formula  for  determining  this  coefficient  of  impact 
has  yet  been  deduced,  but  several  empirical  foj-mulas  are  in  more 
or  less  common  use. 

^ It  is  proven  in  mechanics  that  a  load  when  instantaneously 
applied  to  a  bar  produced  a  stress  exactly  double  that  caused 
by  the  same  load  when  gradually  applied.   In  the  ordinal^  struc- 
ture the  maximum  load  is,  hov;ever,  never  applied  instantaneously, 
though  in  short  railroad  bridges  the  length  of  time  required 
to  produce  maximum  moment  or  shear  is  very  small.   In  conse- 
quence sudden  application  alone  is  never  sufficient  to  a-citibjbe 
the  live  stresses  as  opznputfid  for  qjileBq<i»"t(  J.<x?ids.   Many  engin- 
eers, however,  use  for  short  spans  a  coefficient  equal  to  unity 
assu.ming  that  the  effect  of  vibration  and  other  uncertainties  is 
balanced  by  the  difference  between  the  stress  due  to  instantan- 
eous application,  and  that  due  to  the  very  rapid  but  not  instan- 
taneous application  caused  by  a  railroad  train.   For  longer 
spans  the  coefficient  is  generally  reduced. 
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The  two  following  formulas  shov/  two  different  types  of  im- 
pact formulas; 

300'-^ 

Prom  Amerioan  Bridge  Co,  Specifications  I  S  S  

L-f-  300 

Prom  Specifications  of  the  Department  of  Railroads  and 
Canals,  Canada,  g 

I  =  S 

S-^D 

In  above  formulas 

L  =  length  in  feet  of  distance  which  must  be 
loaded  to  produoo  maximum  Use  stress  in  a  member. 

S  =  that  maximum  live  stress,  and 
D  =  the  dead  stress. 

It  v;lll  he  seen  at  once  that  for  short  spans  the  coeffi- 
cient in  the  first  formula  is  very  nearly  unity,  and  thiit  this 
also  applies  to  the  second  formula  unless  the  bridge  is  un- 
usually heavy  or  the  live  loads  very  light.   The  first  formula 
has  been  quite  generally  adopted  by  American  engineers  and 
while  purely  empirical  agrees  reasoably  v/ell  v/ith  such  experi- 
ments as  have  been  made,  and  is  in  a  logical  form.   It  will 
be  used  hereafter  In  this  book. 

Impact  for  Highv/ay  Bridges  and  Buildings .   Allowance  for  im- 
pact upon  these  structures  may  usually  De  less  than  for  rail- 
road bridges.   On  high\/ay  bridges  of  moderate  length  the  prac- 
tice of  allowing  25^  for  import  is  not  unusual,  this  being  in-' 
tended  to  cover  the  j'olting  effect  of  wagons  on  rough  pavement, 
and  the  impact  of  electric  cars.   It  should  be  noted  that  the 
loads  oh  highway  bridges  are  probably  seldom  or  never  applied 
with  sufficient  speed  to  make  rapidity  of  application  an  im^- 
port ant  clement,  and  that  the  impact  of  electric  cars  is  not 
as  severe  as  that  of  locomotives  since  the  motion  of  the  mach- 
inery is  rotary  rather  than  reciprocating.   For  long  span  high- 
way bridge  trusses  it  is  usual  to  make  no  allowance  for  impact. 

For  buildings  it  is  customary  to  make  no  allowance  for 
impact  except  where  moving  cranes  or  other  shock  producing 
machinery  are  useDj?. 

Before  leaving  the  subject  of  impact  it  should  be  noted 
that  it  is  probable  that  the  effect  of  impact  upon  wooden  beams 
is  less  injurious  than  upon  steel  beams  ov.'ing  to  the  greater 
elasticity  of  the  wood,  and  that  some  engineers  disregard  im- 
pact in  designing  vi/ooden  structures. 

Inner  Ijy^d'es .   The  allowable  inner  forces  depend  upon  the  char- 
acter of  the  material  and  loading,  the  precision  v/ith  which  the 
stress  can  be  computed,  and  the  uses  to  which  the  structure  is 
to  be  put.   The  best  modern  practice  is  based  upon  the  reduc- 
tion to  an  equivalent  dead  load  by  the  addition  of  impact  of 
the  stresses  due  to  the  live  loads  and  if  this  can  be  done  the 
character  of  the  loading  may  be  neglected.   In  what  follows 


i-eBitr  ^.^ 


25 


10   The  allowable  -wjrkin^  unit  stresses  for  a  given  structure 

depends,  upon  the  material,  the  character  of  loading,  the  pre- 
cision with  which  the  .stresses  can  be  computed,  and  the  uses 
to  which  the  structure  is  to  be  put.  If  proper  allovmnce  for 
impact  be  raade  the  character  of  loading  may,  hcvrever,  be 
neglacted. 

The  f cllo"<''rlng  unit  stresses  represent  good  practice 
for  ordinary  structural  steel.  Structures  provided  prop-^-r 
alloFance  for  imp ac t  be  made . 

■'ORKING  wSTRF^'SrS.   STRUCTURAL  STEEL. 

Live  Load  increased  to  allovf  for  Impact. 

Tension,  direct  compression,  and  extreme  fibre  stress  in 


IGOOO  lbs.  per,  sq .  in. 
16000  -  rc  ii  "   "   " 

R 


bending 

Compression  in  colum^ns 

Sh.^n,r  on  net  section  of  plate 

prirder  webs   and   on   shop   rivets, 

BeTuling   on  pins 

Bearing  on  pins  and  shop 

driven  rivets . 

Bearing  on  hand  driven  rivets 

Shf^ar    "    "     "      " 

I'odulus  of  elasticity 

h  -   maximum   '..    of  value  ratio  of  unsupported  length  of 
eolumn  to  radius  of  gyration,  both  values  bi-ing  expressed 
in  inches. 

The  following  values  vrith  the  exception  of  tension  are 
imended  for  timber  for  railroad  bridges  by  the  American 


12000 
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II 

ii 

II 

{24000 

tl 

II 

It 

II 

'"•'  '  24000 

1) 

11 

II 

11 

18000 

ir 

II 

II 

tl 

9000 

II 

II 

II 

H 

28,000,000 

For  values  for  other  timber  than  yellow  pine  see  "Proc 

of  the  American  Railway  Engineering  and  Maintenance  of  Yfay 
Association"  Vol.  lO-Part  I. 
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STRESSES. 


LONG-LEAF  YELLO''^  PIIIE. 


No  allovrance  for  Impact  required 


Bearing  along  grain 

Compression  in  columns,  length  over 

15  diameters 

Tension  parallel  to  grain 
Bending — Extreme  fibr(^  stress 
Shearing  along  grain  in  beams 

"        "    "    "  chord  bloclcs, 

etc , 
Bearing  across  grain 


1300  lbs  .p.--r  .sq.in. 

L 
1300  (  1 )   "   " 

60D 
1400  lbs. per. sq. in. 
1300   "    " 
120   "  ■  " 


180 
2C0 


tl 
If 


Modulus  of  elasticity 


1,600,000 


1  Bd! 


n.t   zp 


Qi  v;--..:j.f 
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-  =  maximum  value  of  ratio  of  unsupported  length  of  column  to 

p   radius  of  gyration  both  values  being  expressed  in  inches. 

For  deflection  of  yellow  pine'' under  long-continuf^d  loading, 
use  for  E.  800,000. 

The  following  values  for  bearing  on  masonry  represent 
PTOod  practice, 

vrORKING  STRESSES.   BEARINa  QIJ   1;!AS0MRY. 

Live  load  increased  to  allow  for  Impact . 

Oranite  Masonry  and  Portland  Cement  concrete 

GOO  lbs.  per.  sq.  in. 
Sandstone  and  limestone  400   "    "    "   " 

Factor  of  Safety.  The  unit  stresses  given  in  the  previous 
article  are  all  much  less  tha7\  the  breai-.ing  strength  of  the 
material,  the  ratio  between  the  breaking  strength  and  the  allow- 
able unit  stresses  b?,ing  known  as  the  "factor  of  safety."  The 
necessity  for  using  such  a  low  value  Is  due  to  the  following 
facts. 

Ist .  Material  can  not  be  stressed  vrith  safety  above  the 
elastic  limit  which  is  generally  not  more  than  one  half  the 
breaking  strength. 

2nd.  The  magnitude,  point  of  application,  and  distribu- 
tion of  the  live  loads  as  vrell  as  the  allovmnce  for  impact  is 
approximate. 

3rd.  The  material  used  is  variable  in  quality  when 
rolled,  and  may  be  injured. in  fabrication. 

4th.  The  effect  of  changing  conditions  can  not  be  pre- 
dicted. This  applies  to  character  and  amount  of  loading  and 
to  deterioration  of  material  through  rust,  or  rot. 

6th.   The  common  theories  give  primary  stresv^es  only  and 
neglect  the  secondary  stresses  due  to  distortion  of  the  struct- 
ure, these  additional  stresses  being  sometimes  of  considerable 

importance. 
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CHAPTER  II. 

LAT7S   OP  Sa?ATICS-REACTIONS,    SHEARS  ML  MOTJEITS ,  OTELTJESGE 

LIHES, 

Laws  of  Statics .   The  theory  of  structures  is  based  upon  the 
fundamental  principles  of  statics  and  these  the  student  must 
thoroughly  understand.   They  may  he  stated  as  follows; 

A  ByBtem  of  coplanar  forces  is  in  equilibrium  if  the  fol- 
lowing conditions  are  satisfied; 

1st.   The  algebraic  sum  of  the  components  of  all  the 
forces  acting  parallel  to  ang  axis  in  the  plane  of  the  forces 
BSUSt  equal  zero. 

End.  The  algebraic  sum  of  the  moments  of  all  the  forces 
about  any  axis  at  right  angles  to  the  plane  of  the  forces  must 
equal  zero . 

If  the  forces  be  resolved  into  components  parallel  to  two 
rectangular  axes,  OE  and  OY,  and  the  algebraic  sum  of  the  forces 
parallel  to  OX  be  designated  as  ^X  and  of  these  parallel  to  OY 
as  \Y   the  first  of  above  conditions  will  be  fulfilled  when 
J;z  ss  0  and  ZY  sa  0,  henoo  the  two  principles  stated  above  are 
fully  comprehended  by  the  three  following  equations. 

CZ«0  IY  =  0  IMsO 

If  the  forces  acting  upon  a  body  do  not  satisfy,  all  of 
these,  three  equations  then  the  body  cannot  be  in  equilibrium. 
For  example  if  ZZ  =  0  and  lY  »  0,  but  XM  does  not,  then  the 
body  is  in  a  condition  of  rotation 'about  a  stationary  axis,.   If 
-SY  ea  0  and  lU  =s  0,  but  IX  does  not,  then  the  body  has  a  motion 
of  translation  in  a  direction  parallel  to  the  Z  axis  but  no 
other  motion. 

In  practice  it  is  common  to  use  horizontal  and  vertical 
axes  for  which  case  the  first  equation  may  be 
written  IH  =  0  and  tV  =  0. 

Reactions .  Each  of  the  reactions  upon  a  structure  may  have 
three  unknovm  properties,  viz;  magnitude,  direction,  and  point 
of  application.   Usually,  however,  the  point  of  application  of 
each  reaction,  is  fixed  In  position  and  the  direction  of  at 
least  one  of  the  reactions  is  known.   If  this  condition  exists 
v/hen  there  are  two  points  of  support,  1.  e,,  two  reactions,  as 
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is  the  case  in  most  GtructurGs;  tliere  remain  "but  tlaroo 
unlaiovm  properties  of  tbe  reactions,  all  o""  v/liich  may  lie  com- 
puted by  the  three  equations  of  statics,  and  tlie  structure  is 
statically  determined  \.ith  respect  to  the  outer  forces,  v/he- 
ther  it  is  or  is  not  possible  to  determine  the  inner  stresses 
by  statics.   If  there  arc  more  than  three  untaaown  properties 
af  the  reactions,  e.  g.  if  only  the  points  of  application  are 
fixed;  or  if  the  structure  is  supported  on  more  than  two 
points,  then  it  is  statically  undetermined  v/ith  respect  to  the 
outer  forces,  unless  some  special  form  of  construction  is  a- 
doptcd  as  in  the  three-hinged  arches  and  cantilever  bridges 
considered  later.    If  there  are  fev/er  than  three  unlaiov7ns 
then  the  structure  is  in  general,  unstable  and  will  tend  to 
move  bodily  under  the  applied  loads  unless  these  fulfil  cer- 
tain special  conditions. 

Illustrations  of  the  above  conditions  is  afforded  by  the 
structures  shown  in  Fig.  22a,  22b,  224,  and  22d,  for  all  of 
which  the  position  and  magnitude  of  the  applied  loads,  and  all 
of  the  dimensions  of  the  structure  are  supposed  to  be  knov/n. 
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Pig.  22a.  represents  the  ordinary  masonry  arch  in  •^hieh 
each  reaction  is  unknovm  in  direction,  magnitude,  and  point  of 
application.   In  consequence  the  structure  is  indeterminate 
v/ith  respect  to  the  outer  forces  in  a  three-fold  degree.   Fig. 
22"b  shov/s  a  two-hinged  arch  v;hioh  has  the  point  of  application 
of  both  reacticiBO  determined  hut  the  magnitude  and  direction 
of  neither  are  knovvn,  hence  it  is  indeterminate  in  the  first 
degree  with  respect  to  the  outer  forces.    In  Pig.  22c,  a  set 
of  rollers  is  shown  at  one  end.   The  function  of  these  rollers 
is  to  make  the  reaction  at  that  end  perpendicular  to  the  sup- 
porting surface  since  the  rollers,  if  in  good  condition  can 
offer  hut  little  resistance  to  motion  along  this  surface.   This 
structure  Is,  therefore,  statically  determined  with  respect 
to  the  outer  forces  since  the  points  of  application  of  hoth 
reactions  and  the  direction  of  one  are  known.   In  Pig.  22d 
rollers  are  shown  at  both  ends  hence  the  direction  of  both  re- 
actions are  knov;n.   Fnless  these  reactions  meet  on  the  line 
of  action  of  the  resultant  of  the  applied  loads  equilibrium 
can  not  exist  and  the  structure  will  move,  therefore  this 
structure  is  unstable. 

Computation  of  Reactions — Method  of  Procedure .  It  is  evident 
that  if  the  horizontal  and  vertical  components  of  a  reaction 
v/hich  is  unknov/n  in  direction  and  magnitude,  or  if  either  com- 
ponentrof  a  reaction  which  is  kno^wn  in  direction  but  not  in 
magnitude,  be  determined  the  reaction  itself  may  be  at  once 
obtained.   In  consequence  the  determination  of  the  reaction 
in  a  structure  v/hich  is  statically  determined  with  respect  to 
the  outer  forces  and  henoe  has  but  three  unknov/ns,  may  be 
accomplished  by  computing  the  horizontal  and  vertical  components 
of  one  reaction  and  either  component  of  the  other. 
This  method  often,  though  not  always,  simplifies  the  solution 
of  reaction  problems  and  will  be  used  hereafter.   Its  adoption 
makes  it  desirable  to  use  the  horizontal  and  vertical  compo- 
nents of  the  outer  forces  and  these  also  can  frequently  be  com- 
puted more  easily  than  the  actual  forces.   ¥ith  these  compo- 
nents of  the  outer  forces  knovm  the  solution  of  the  problem 
may  be  accomplished  by  the  application  of  the  three  statical 
equations . 

The  follov/ing  mode  of  procedure  is  suggested  for  the  use 
of  the  beginner  who  is  advised  to  follow  it  exactly  until  he 
has  mastered  the  method  thoroughly.   For  structures  in  which 
the  reactions  are  not  parallel  to  the  forces  or  in  v/hich  the 
character  of  the  unknown  reactions  can  not  be  easily  predicted, 
even  the  experienced  computer  should  not  omit  any  o^  the  steps 
in  the  process . 

1st.  Draw  a  oareful  sketch  of  the  structure  and  show  on 
it  the  horizontal  and  vertical  components  of  the  outer  forces. 
This  sketch  need  not  be  to  scale  but  should  not  be  materially 
distorted. 

2nd.  Indicate  on  the  sketch  by  arrows,  and  by  the  letters 
H  and  Y  the  assumed  components  of  the  reactions,  using  letters 
R  and  L  as  suffixes  of  H  and  V  to  Indicate  right  and  left  re- 
actions. 
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The  direction  of  the  components  of  the  reactions  which,  are 
nntnov/n  in  direction  may  he  asi'.rircesi  at  rando^n,  e,  g.^  the  hor- 
izontjal  corir'.''onejj.t  may  "be  ass-urntrd  as  acting  either  to  the 
XA.giit   or  the  left  and  the  vert;t'.;ai  coJnponerjt  either.'  up  or  down,  ■ 
Imt  the  components  of  the  reaction  the  direction  of  uhich  is 
IcGOwn  mu.st  he  assii.mod  so  that  they  will  'be  consistent  v;ith 
this  Imown  direction. 

3rd.  Determine  the  unkncan  H.  and  V  components  "by  the 
soliitiona  of  tiie  equations  IH  «  C,   t.V  =  0,  and  IM  —  0,  con- 
sidering as  positive  forces  acting  up?;ards  or  to  the  right,  and 
clook\7ise  moments. 

A  positive  result  for  a  component  shows  that  the  compo- 
nent in  question  acts  in  the  direction  originally  assumed,  and 
not  necessarily  that  it  acts  up  or  to  the  right.   With  the  mag- 
nitude of  all  components  knovm  the  magnitude  of  either  I'eaction 
may  be  ohtained  hy  computing  the  square  root  of  the  sums  of 
the  square  of  its  t\/o  components.    Its  direction  is  determined 
by  the  direction  of  the  components.   The  heginner  is  more  like- 
ly to  make  errors  hy  omitting  some  of  the  forces  than  in  any 
other  way.   reticular  attention  may  well  he  called  to  the 
fact  that  horizontal  forces  may  produce  vertical  reactions  and 
vice  versa. 

If  the  load,  or  any  portion  of  it,  he  distrihuted  over  a 
oonsiderahle  distance  instead  of  heing  applied  at  a  point,  the 
resultant  of  this  portion  of  the  load  may  he  used  in  the  com- 
Xa). tat  ions  as  a  concentrated  load.   This  method,  hovjever,  should 
"by  used  only  in  reaction  computation;  it  would  in  general  he 
incorrect  for  the  determination  of  shears,  moments,  and  truss 
stresfc'es  as  v/ill  he  shown  later. 

It  is  always  deslrahle  to  ohtaln  a  check  hy  twice  apply- 
ing the  equation,  ^M  =5  0,  onoe  ahout  each  point  of  support. 
This  gives  an  independent  check  for  at  least  one  of  the  reac- 
tion components,  which  in  the  case  of  a  simple  heam  with  ver- 
tical loads  is  sufficient  and  conclusive. 

34  REAOTIOJ!  COllTVinJTIOIIS .   Hereafter,  in  hoth  text  and  prohlems, 
structures  supported  at  one  end  upon  a  set  of  rollers  or  hy  a 
tie-rod  will  he  considered  as  having  the  reaction  at  that 
point  fixed  in  direction.    The  reasons  for  this  in  the  case  of 
rollers  as  stated  in  A  rticle  EE.   For  the  case  with  the  tie- 
rod,  it  is  sufficient  to  recall  that  such  a  rod  is  little  hotter 
than  a  stiff  rope  and  is  incapahle  of  carrying  hending  or  com- 
pression, henco  th©  reaction  which  It  carries  must  act  along 
its  axis  and  produce  tension  in  the  rod. 

oiiQ-  Rollers  will  he  indicated  hy  this  conventional  symhol, 
>//''/   and  the  reaction  in  this  case  is  always  to  he  considered 
as  perpendicular  to  the  supporting  surface,  whether  the  sur- 
face he  horizontal,  inclined,  or  vertical. 

Y/hen  the  point  of  application  of  a  reaction  is  fixed  hut 
not  its  direction  this  symhol  -,-7V|    will  he  used.   This  is 
not  intended  to  represent  a  knife  edge  hearing  since  the  re- 
action may  act  in  any  direction;  1.  e.  up,  dov/n,  horizontal 
or  Inclined.   If  this  symhol  he  comhined  with  rollers,  then 'hoth 
point  of  application  and  direction  of  reaction  are  to  he  con- 
sidered as  fixed.    If  the  reaction  is  carried  hy  a  tie  rod, 
the  rod  will  he  so  marked;  in  this  cas©  the  point  of  applica- 
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tion  shcjuld  "be  taken  at  the  point  where  the  rod  is  fastened 
to  the  structure. 

TOTE'S   OF  APPIICATIOIT  OF  LOADS  AID  REACTIONS.    In  practioe  it 
is  seldom  that  the  point  of  application  of  load  or  reaction  is 
definitely  fixed;  it  is  hov;ever  in  many  oases  fixed  within 
such  small  limits  that  no  error  arises  in  considering  it  as 
located  at  a  definite  point.   This  is  the  case  v/hen  the  struc- 
ture is  supported  on  steel  pins  as  in  most  bridges  of  consi- 
derahle  size;  the  reaction  in  such  a  case  passes  through  the 
pin  v/hioh  is  generally  hut  a  few  inches  in  diameter  amd  its 
resultant  will  pass  through  the  pin  centre,  or  nearly  so,  un- 
less the  pin  he  badly  turned  or  the  bearing  surface  upon 
which  it  rests  imperfect.   With  v/heel  loads  the  load  acts  at 
the  point  of  tengency  of  wheel  and  bearing  surf§ce  which  is 
practically  a  point,  but  as  the  Tifheel  does  not  rest  directly 
on  the  structure  but  has  its  load  distributed  by  rails  and 
ties,  or  by  the  floor  if  a  highway  bridge,  it  is  not  applied 
to  the  structure  itself  at  a  point,  though  it  is  generally 
so  considered  as  the  error  thus  arising  is  small  and  on  the 
safe  side. 

For  ordinary  beams  which  rest  at  the  ends  upon  steel 
bearing  plates  inserted  to  distribute  the  load  over  the  mason- 
ry supports  the  assumption  that  the  reaction  is  applied  at 
the  centre  of  bearing  is  by  no  means  an  exact  one.  The  actual 
distribution  of  the  reaction  in  such  a  case  is  a  function  of 
the  relative  elasticity  of  the  beam  and  support.   If  both 
beam  and  support  were  to  be  absolutely  rigid,  an  impossible 
case,  the  reaction  would  pass  through  the  centre  of  bearing; 
if  the  support  alone  were  to  be  rigid  the  reaction  would  pass 
through  the  edge  of  the  bearing  plate;  in  the  actual  case 
where  both  beam  and  bearing  surface  yield  to  some  extent  the 
reaction  is  distributed  over  the  entire  surface  and  its  in- 
tensity varies  uniformly  or  nearly  so,  as  shovm  in  Fig.  25 C- 
It  will  be  noticed  that  the  resultant  pressure  acts  at  a  point 
bet\/een  the  centre  of  bearing  and  inner  edge  of  the  masonry. 
The  common  assumption  for  such  cases  is  to  assume  the  reaction 
as  applied  at  the  centre  of  bearing.   This  assumption  is  on 
the  uafe  side  in  designing  the  beam  as  a  v/hole,  but  on  the 
unsafe   side  in  proportioning  the  area  of  bearing.   However, 
The  error  for  short  beams  v/hich  deflect  but  little,  is  not 
serious.   F  or  long  girders  which  deflect  considerably  the  end 
bearing  is  usually  made  by  a  pin  which  is  supported  upon  a  sho©  \ 
which  in  turn  rests  upon  rollers,  thus  ensuring  a  uniform  dis- 
tribution of  the  reaction. 
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ontal  / 1     _7- 


Horizontal 
Inclined. 


Pip,  25a. 


Exaggerated  detail   of    <ir\6.  of   a  load- 
ed beam.      Notice  that  masonry  as 
W9ll  as  beam  are   shovra  as   deflected. 


Fig.  25b. 

A  reasonable  assumption  as 
to  the  distribution  of 
pressure  at  the  left  end 
of  beam  showi  in  Fig.  25a. 


^'  nf^^rf?i!ifpS^^^®'^J?^.^  PROBLEMS.   The  application  of' the  methods 
fcc^   }^   li     -^^  Y^.    illustrated  in  problems  26a,  Sab,  26c  and 
<;ba  01  this  article. 


lOCOOlbs  50o/lbs'('''   ^°^°f  1^- 


'^SJLjC:^^r^222Z, 
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Fig.  2Ga. 

of  reaction?^.;  .iT^^'^^^   horizontal  and  vertical  components 
ft   S  uSel??       '''"'"  ^''^  *°  ^^^^^'"^  ''^^°^^"-  Neglect  weight 

Hp  =  o'siL'hh/ann(i-.'''f  ^"^  ^"  '^ '  J^^^  ^^^^"^  ^^-^  ^^^'^*i°n 
HR   u  Since  the  applied  loads  are  all  vertical  and  in  con- 
sequence have  no  hori.-^ontal  components. 

point  c?  a-onlTcffi  ^  °/^?fl!^  ^^^  ^^"  ^^^^"^  °f  "^°^^^^ts  the 
one  unlnoSn^  ?h  ^'  of  either  reaction  thus  eliminating 

Somen?s"abo;t  ^h^  ??gSt''end"''''  '°''°"'  '^  ^'^'^'''   ^^  ^^^^^^ 
-10000  X  2G  +  lovj^  _  5000  x  12  ^  lOOOO  x  2  =:  0 . 
'■'16V^  ::=  340000  ft.  lbs.  and  V^  =  +21250  lbs. 

act  if  ?h!  ^^^7f^^   °^  ^i^  ^"  positive  the  reaction  must 
act  in  ine  d_xro.tion  assumed  on  tne  sketch,  i.  e.  upward, 
ahd  application  of  rv  =  o,  using  the  value  of  V^^  Just 

obtained  gives  the  value  of  Vr  and  completes  the  solution  of 

the  problem.   The  equation  follows; 

and   '»  "■  ''L't'  "  '°^^'  "  ^°°°^  ^  \  =  0   V,  =  H-3750  lbs. 
ana  .»».  ,  acts  upward  as  shown. 
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To  check  this   value  apply  tTM  =  0  using  the  left  point   of 
support  for  the-'^origin  of   morients.      The    expression   thus   ob- 
ta^ined  is' 


-10000    X    10   +   5000   X  4   4'   lOOOO    x    14   -   IG   Vj^   =   0 // Vj^=>f5750    lbs. 

which  checks  the  value  obtained  by  the  application  of  ?V  =  0 
and  hence  checks   the  value   of   V^  since  this  was  used   in  the 
original   determination  of  Vj^. 

Prob .    26b,    Oorrrpute   horizontal   and  vertical  components 
of   reactions   on  this  beam,    neglecting  weight   of  beam. 


10  I  tons 
( 


Hl 


-  ,^ 


10   tons   1*-^^   ^^1^20   tons'T'^This  force    is 

replaced  by  its 
hor.and  vert 
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V,  7-:^ _,.     ,■-  ■r^^-h:zi:^-~z^r^    nor, ana  vert. 

.ic^..;;,,.^-;---^^,-^^^^^^  components  an 
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In  this  prob 
in  magnitude  and 
ing  in  either  dir 
lated  both  in  dir 
must  act  at  right 
ma3:G  an  angle  of 
condition  if  Vj^  i 
left.  The  ratios 
sides  of  a  60°  tr 
Hr   cot    30°  =  1.71 
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Vt  and  iiT 
direct' ion  ana 


are  independent  of  each  other 
each  may  be  assumed  as  act- 
ectioa.  Vr  o,nd  Hr  are  ho'A'ever  mutually  re- 
ection  and  magnitude  since  their  resultant 

angles  to  the  supporting  surface  and  hence 
60°  with  the  horizontal.   To  fulfil  this 


s  assumed  as  upward 

of  their  magnitude 

i angle  as.,  indicated 


H 


■R 


m.ust 


be   assur.ied  to  the 
.quals    the  ratio   of    the 
by  l''ig.   26c,   hence   Vr  = 


Pig.    26c. 


y^rn-rJ°   ^^^^'^f  S^^  problem  apply  the   equation  TM  =  C   taking 

^rttr         ?hf /'??  P"'"^^   "^   application  of   the  right  hand  rt 
«>cxxon.      ihe  following   equation  results 
-10   X   25   +   20Yl   -   10   X   IG  ~   14,28   x   10   =   0 

Is'a^^rn^i    '°^'^'^  ^^^'^  "^^  =  -"^^"^^   tonsXVL  acts   upward 

It  Will  be  noticed  that   the  lever  arms  about    the   origin 
of  moments  of   all  the  horizontal  forces   are  zero  hence  these 

blelf rp2n?v^H^P?''^L^?  ^^?   equation.      Had  the   inclined  force 
Deen  resolved  al   the  jtoji  instead  of   the  bottom  of   the  beam 
T.nx3   condition  would  not  hava  existed  but   the  value  of   the  re- 
action would  not   have  been  changed  since  the  moment   of   the 
horizontal  ccmpon^nfc  vrould  have  been  neutralized  by  the  change 
11    the  m.oment   of   the  vertical  component   due  to   its  altered 


<2VZ-^ 


3.tl 
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eAcT    lo   0. 


lever  arm.    * 

The   equations 
lov^ring  expression;- 


rv  =  C  may  novr  be  used.     This  gives   the  fol- 


73Vr 


-10   +   27.64   -   10 

acts   as   shovm. 

Since  Hr  =  1 
The   application 

ing  the  value   of   H^ . 

hence   Hl  =  25.77   tons 
To  check  the 
support.      This 


14.28  +  Vj^  =  0  hence  V^  =  +G.64   tons  and 


tons  . 
by  civ- 
=  0 


of 


its  value   is  found  to  be  11.49 
of  HH  =  0   completes  the  solution  u^- 
The   equation   is   Hl  -   14.28  -  11.49 
and  acts  as   shovm. 
value  of  Vr  take  monents  about  the  left  point 
gives  the  follov^ing  exprsssion; 
H   14.28  X   10   -  20Vr  =  0  whence  Vr==  +G.G4   tons, 
value  previously  obtained  and   in  consequence 
value   of  V^. 
As   an   independent   check   of   Hr  smd  Hj,  cannot   readily 
made  a  second  computation  of   their  value  should  be  carried 
through,    or   the   origliial  computations  carefully  revicsT^ed 
former  being  the   safest  metliod. 


-10  X   5   +   10  X  4 
thus   checking   the 
the 
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pressure  2000C| 

lbs. per. '-^12000    lbs 
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vertical   surface 
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Fig. 25c. 


about   sSo    it  Win  °S!   ""^   '^^''-/^^^   ^'^urface   in  this  problem  is 
wind  p?es"ir.    .-1  p.    i^"'"''"'^^  ^^'5?    *?^  "^^^^^^^    intensity   of    the 
HutfnnVr^^^r    ^     ^^^mP'^•P®'^  Sq.ft.      See  table    in  Article   14 
Snce     he   Jrpn^'^^'    ^??   ^^'^   *^^^'^^^   ^^^^  20   ft. between  centres 
is   support  2d   hvo^"  I'^'^  windward  side  of   the  building  which 
iate  ??usses     and    in^??''/^"  a  length  of  20  ft.   for   intermed- 
interJSt%^'t,rss'eiI^b?Lmpl:cK^^^^•    '''   ^^^^^^^"^   ^^^^  ^" 
compon'Sf  TtlT\'otf  ^''V'  ^^   ^^^   horizontal   and  vertical 
a?e  ?oi;Sd  to  be;-  "^  Pressure  on  the  windward  side 

PH  =  intensity  of   normal  pressure  x  vertical  projection  of    sur- 

X  20  =  12000  lbs. 

of  normal  pressure  x  horizontal  projection  of 
50  X  20  =  20000  lbs. 

may  now  be  considered  as  loaded  with  the  two 
lbs.  and  12000  lbs.  acting  at  centre  of  wind- 


face  =  20  X  30 
PV  =  intensity 
surface  =  20  x 
The  truss 
forces  of  20000 


ward  "ny-p<.^^    J  r,      —WW  ^uo.  rtijuijig  3.Z   Centre  or  wma- 
In  ?hr?ollo;inf way;  '^'^'''"^  '"^  ''  '^'^^   forces  computed 

x^^s'^whln^ce  V  ^-^^S^L^^f^^  ^"^  ^^^^^  ^'^OVl  ^  12000  x  15  -  20000 
ApnlvTnr-M  -^n"  ^^^^^  lbs,  acting  up  as  assumed. 
Applying  xH  =  0  gives  12000  -  Hr  =  0 

FOOT  NOTE  ThrdL?L"  J^°°^  }^^   ^^^^"^  to 'left  as  assumed, 
point  wwIfh^T^  ^^  resolving  a  force  into 
point  Where  the  lever  arm  of  one  of  the 


at  a 
a  very 


its   components 
.  —    components   is  zero   is  «   ■^^y 

'irevident's???/rhT!5^^^^^^''-2°"^^^^^^^l^  ^a^^^-    I*^  correctness 
equals  tSato??tt..^^^^^^°^   a  force  upon  a -body  as  a  whole  always 
resolved  nnrLiJ     components,   no  matter  at  irfaat  point  the  force  is 
0?  thl^oXnl^!  "^i^  ^^  ^^®  direction,    or  l^vigth  of   the  lever  arms 

?ero  the  nnmP^?     ^  ^^^^  '^   ^^^   ^^^^^  ^^^^^  '^"^  ^f   the  components    is 
^ero  the  moment   of   the  force   e<iuals   ths  r^-y.mi-    nf   ^h^  ^^.^.^J r.^.,.4. 
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Applying   IV  =  0   gives   13200   -  20000  +  Vj^  ==  0 

hence  Y-n  ~  +6800  lbs   acting  up   as  assumed. 

Applying  TH  =  0   about  left    end  as  r  cheek  grives  ~100Vf^+  20000. 
X  25  +   13000  X   15  =  0 

vrhence  Vp  =  +6800  lbs.   acting  up  as  assumea, 
and  af^reeinc  vrith  value  previously  obtained. 

Prob.   2Gc3.      Compute  horizontal  and  vertical   components   of    the 
reactions   on  this   crane.     Neglect  weight   of   structure   itself. 
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5000   5000  20000   20' 
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The  direction  of   the  reaction  at   top  of   the   cranjj=^„ 
fixed  by  the  tie-rod,   hence  V^  and  Hj,  can  nox 

««v,  ^-■ha+    th^itr  resultant 
act   at  random  hut  must  be   so  S"f^„^,Hude  of   their  t,™ 
^111  act  along  the  tie-rod       f  «^^|f  ^\^Se  ?he  tie-rod  makes 

Applying  XK  =^O^ahogt,*^^  Ifo^iojfloolo  X  40  =  0 

hence  Hj,  =  +30000  lbs  acting  as  assumed. 

Since  the  tv,c  _^f  P^f^^^ofo  lbs'."!sracting 
stress  are  equal  Vj^  -  iCjouL 


as  assumed. 


56 

Applying  Xh  =  0  using  the  value  previously  found  for  M^  gives 
30000  MIp  =  0  hence  Hj^  =  -30000  Ihs.  acting  ttl   the 
right  ana  not  as  assumed. 
Applying  rV  =  0  using  the  value  previously  found  for  Vj,  gives 
-30000  -  5000  -   5000  -  20000  -i-  Y-^  ^   0 
hencs.  Vr  ca  4-60000  Ihs  acting  up  as  assumed. 
Applying  2*M  =  0  ahout  the  top  as  a  check  for  Hr  and  Yr 
gives  4-35  Hr  +5000  x  20+5000  x  30  +20000  x 
40  =o  0,  henca  Hr  ~   -30000  Ihs .  checking  the  valuo 
previously  ohtained. 
It  is  alv/ays  adviahle  to  assume  the  reactions  as  acting 
in  their  prohahle  directions  to  avoid  complications.   The  oppo-^ 
site  assumption  V7as  made  for  E-^   in  this  problem  in  order  to 
illustrate  the  solution  with  an  incorrect  assumption.   The 
results  will  he  found  to  agree  in  any  case  provided  the  work 
is  correctly  done,  but  it  is  confusing  to  have  the  reaction 
Incorrectly  indicated  on  the  sketch.   Sometimes,  hov/ever, 
it  is  impossible  to  foretell  the  actual  direction  of  a  reaction. 

In  this  problem  the  actual  value  of  the  reaction  at  the 
top  should  be  found  since  this  gives  the  tension  in  the  tie-rod. 
30000 

This  value  m =  42430  lbs  approximately. 

sin  45°        2 
This  should  equal  y  V  ^  -t  E-^     which  may  be  used  as  a  check. 

I< 

SHEAB  and  BElDIHGr  MOMEITT  DEJTI'HEB.   Shearing  force  or  shear, 
at  any  section  of  a  body  is  that  force  v/hioh  tends  to  produce 
slipping  along  the  given  section. 

The  bending  moment  at  any  section  of  a  body  due  to  a  set 
of  C0"planar  forces  is  the  resultant  moment  about  an  axis 
passing  through  the  centre  of  gravity  of  the  section  of  all 
the  forces  on  either  side  of  the  section  it  being  understood 
that  the  section  is   'perpendicular  to  the  plane  of  the  forces. 

Fractures  due  to  shear  are  due  either  to  transverse 
fracture  of  the  grains  or  fibre,  or  to  their  slipping  upon  one 
another. 

In  the  ordinary  structural  materials  wood  is  the  only  one 
of  a  fibrous  character  and  shearing  failures  in  this  material 
ordinarily  occur  by  longitudinal  slipping  of  the  fibre. 

Practures  due  to  bending  are  caused  by  longitudinal  failure 
of  the  fibres,  either  by  tension  or  crushing. 

l/EETHOD  of  COMPTrTATKH,  SHEAR  and  BSHDIHG  MiCl#lirT .    The  magni- 
tude of  the  shear  upon  a  given  section  due  to  a  set  of  co-planar 
forces  may  be  readily  computed  as  follovTs;-  Resolve  each  force 
into  two  components  parallel  and  perpendicrular,  respectively, 
to  the  given  section.    The  algebraic  sum  of  the  components 
parallel  to  the  sec'tion  of  all  the  forces  upon  either  side 
of  the  section  equals  the  shear.     That  either  side  of  the 
section  may  be  considered  is  evident  from  the  faat  that  for 
structures  In  equilibrium  XY  «  0  hence  the  algebraic  sum  of 
the  forces  on  one  side  of  the  section  and   parallel  to  the  Y 
axis  must  be  equal  in  magnitude  and  opposite  in  direction  to 
the  corresponding  term  for  the  other  side  of  the  section. 
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The  magnitude  of  the  hending  moniGnt  upon  a  given  section  of  a 
set  of  co-planer  forces  may  also  he  computed  hy  resolving  the 
forces  into  horizontal  and  vertical  components.  For  this  case, 
however,  it  is  necessary  to  include  the  moments  of  hoth  sets  of 
components,  though  again  it  is  immrtGrial  v/hich  side  of  the  section 
is  considered  in  computing  the  moment. 


E9   SHEAR  and  EEIlDnrG  MCMEET  SIGITS.   The  signs  for  shear  and  hend- 
ing  moments  must  he  used  v;ith  care  or  errors  v/ill  occur.   A.ay 
reasonahle  convention  may  ho  adopted  but  it  should  he  carefully 
ohserved  that  positive  shear  may  represent  forces  acting  in 
exactly  opposite  directions  and  that  positive  bending  moment 
may  stand  for  either  clock^;ise  or  countcr-cloclc;;ise  moment, 
depending  in  both  cases  upon  the  side  of  the  section  consider- 
ed in  making  the  computation.   The  distinction  bet-.Yecn  momoht 
of  forces  in  general  as  used,  for  example,  in  determiniig  re- 
actions, and  moment  upon  a  cross  section  of  a  beam  should  be 
carefully  observed.   In  the  former  case  cloctovise  moments 
should  always  be  taken  as  of  the  sam.e  sign  since  the  effect  of 
such  a  moment  upon  the  body  as  a  whole  is  the  same  no  matter 
upon  v/hat  part  of  the  body  it  may  act.   In  the  beam,  however, 
clockwise  moment  upon  the  left  of  a  given  section  produces 
the  same  effect  upon  the  fibres  as  does  counter-cloclOTise 
moment  upon  the  right.   In  both  cases  compression  is  produced 
in  the  fibres  of  the  upper  portion  of  the  section  and  tension 
in  those  of  the  lower  portion. 

30  SHEAR  and  MCMMT-GOMMCar  GASES.    In  ordinary  practice  it  is 
seldom  necessary  to  compute  shears ' or  moments  except  for  ver- 
tical sections  of  horizontal  beam^s,  and  for  trusses  carrying 
VERTICAI  loads.   For  such  oases  the  following  conventions  may 
be  adopted, 

SHEAR.   The  shear  upon  a  vertical  section  of  a  beam  or 
truss  equals  the  algebraic  sum  of  all  the  outer  forces  (includ- 
ing reactions)  upon  either  side  of  the  section.   It  is  posi- 
tive when  the  resultant  is  UP'TAKD  on  the  EEFT  of  the  section  or 
D'C^fflY/AEI>  on  the  EIOIT , 

MCI.IEIT.  The  moment  upon  a  vertical  section  of  a  beam  or 
truss  equals  the  algebraic  sum  of  !;he  miOments  of  all  the  outer 
forces  (including  reactions)  upon  either  side  of  the  section, 
about  any  horizontal  axis  lying  in  the  section.  It  is  posi- 
tive when  the  moment  of  the  forces  on  the  left  of  the  section 
is  CL00KI7ISE,  or  when  the  moment  of  the  forces  on  the  RIGHT 
of  the  section  is  COIIffTER'-GLOCffiVISE. 

31  GURVDS  of  SHEAR  and  mMEE'S  DEFIMD  and  DESCRII3ED.   A  curve  of 
shears  or  of  moments  is  a  curve  the  ordinate  to  \7hich  at  any 
section  represents  the  shear  or  moment  at  that  section  dixe  to 
the  applied  loads.   If  the  load  bo  uniformly  distributed  the 
curve  may  be  a  continuous  smooth  curve,  a  series  of  smooth 
curves  or  a  series  of  straight  lines.    If  the  loading  consist 
of  a  series  of  concentrated  loads  the  curve  will  always  be 
composed  of  a  series  of  straight  lines.    If  the  leading  be  a 
combination  of  concentrated  and  distributed  loads  the  curves 
may  be  composed  of  a  combination  of  straight  and  curved  lines. 
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It  should  "be  thoroughly  understood  that  these  curves  repre- 
sent the  effect  of  loads  which  are  fixed  in  magnitude  and  posi- 
tion «   The  shear  and  moment  due  to  a  set  of  moving  loads  oon- 
stantly  varies  and  hence  can  not  he  represented  "by  such  curves 
except  in  certain  definite  oases  suoh  as  that  of  maximum  shear. 
The  effect  of  moving  leads  is  shown  more  clearly  "by  influence 
lines  which  are  explained  later.   Typical  curves  of  shears  and 
moments  are  shown  in  figures  31a  to  31  f  inclusive. 
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In  fjjllowing  icurves  veight  of  beam  ! 
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Pig.    Sic, 
Ourve   of  Moments. 


+40  ft  .  tons 


It"  should  "be  noticed  that  the  ordinate  to  the  curve  nf 
shears  at  any  section  equals  the  olgehraic  suri  of  the  lorces 
acting  on  either  side  of  the  section,  and  that  the  cur^e  oi 
moments  reaches  both  its  maxlmvjn  positive  and  maxi!m;m  negative 
values  at  -ooints  where  the  cu-rve  of  shear  crosses  the  ax-s» 

This  latter  relation  alv.^ays  exists  and  is  demonstrated 

in  Article   S3.  i.        4.    4  v. 

The  value  of   the  ordinate  to  the  curve   of  moments   at    *.ne 
•Doints,    a,b,c,   and  d  are  computed  beloT 

At   a        7.62   X  6  -  +38.10   ft 

"   b         7. G3   X   13   -   5   X   8  =  +p9.06 

"    0    -.     7.62   X    l^-S-r-.Vi-lO.-.-a  =-^14,73      " 

!:    r\      :..^-c^                    ^  =   — irO.O         " 


tons 
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tf 
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Curve  of  Shears  and  Moments  for 
applied,  loads. 
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Pig.-'^le  burv'e  of   Shears 


Parabola 
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Parabola 
y=-500x3 


(  +  )5100   ft.jjbs. 


Curve  bed   is   a  parabola 
Uquation   is   y=(-)50CxS 
'+12100(x-r)) 


Reac 


(-)  3  6  0  o  o 


Fig.    31f .    Curve   of   Moments.  •,  .      ^. 

Articles   32   and  33  before   stiudying   this  figure 


Not4  that  point   of  maximum  rarmeat    occurs  v;here   curve  _ 
of   shear d  crosses   the  a^zls.      This  may  be  verified  by  placing, 
the  first   derivative   of    the  moment  rith  respect   to   X    equal 
to  zero .  I 
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DISTRIBUTED  LOAD.   In  determining  reactions 


SHEAR  and  MO'ifElIT. 

it  hpc  hccu--.  o^  ,  ,  —----^^uaxj^  uv^v.      in  aeLerrainin^r  reaction 

its  it3^%";,Vr':"nf  !.^^''^^  a  distributed  load  may  be  replaced  'oy 
method  is  !N0cSF4?ni^^h''^  ""''1  ^'  ^  concentrated  load.Thil 
n-.ld  fni-J.li  ^y  ^^'®''^  ^-'^'^^  Jnoment  and  should  never  be 

on  ONE  ?T^p  o/ff"'  ^"i""'  ^^-^  distributed  load  lies  v^holly 
for  th-;f^!v°L^.''/''S^'°''  ^^'^-^^  consideration.  The  reason 

such  fo?cPs  mn^t  if  ",^5  3^^^  SIDE  only  of  a  section,  and  all 
these  ^ntuifs   V^''^''^  ^"/l:-.^  determination  of  Either  of 
loade<i\rt?h  rJf:.>,  i  1^  evident  that  it   the  structure  be 
s?tp  of  f  rivrn  '^^^.'^''■^^^  ^- ^^^  ^^'^  resultant  nay  act  on  either 

'ortion  of^Jh'Jf 'S''-^  ^'-    '\^^''  "-^S^^^   '^^^^   a  considerable 
•^i      ^^  ''^®  actual  load  may  be  on  the  left   Tf  thp-n  f>  = 

sec^'^or.m^?L'^^'"^■"'^'■  ^^^  ^^^^^  rorc%s  ■on\h?i  rt"-of  iho 
■  be  se?iou3  errrr^^''!;"^"^"^.^^^^  replaced  by  its  resultant 
loads  will  be  m^L  1.  ^'"''^  ^  considerable  portion  of  the 
tha  inriuonoe  ^f   k      ?'"  r'"'^'^^^^" '  ^"  ^^^  °^^'^^  ^^^^^'^-.  it  is 
hencf  lie  ?o^,nL^^  ^^'"""^  ^'  ^  ''^-°^''   ^^^^^^^  ^^^  ^°  ^^  considered 
differenop  hf^   ""^r^  properly  be  used.  To  illustrate  the 

and  the  samp  ^Ll^  ?  carryin.G  a  uniformly  distributed  load, 
aSUptioHhat  the  l^.f """'  i''   accordance  v.ith  the  erroneous 
Posninii  hv  n  ;     ?'^''?  ''^^  ^'^  replaced  in  magnitude  and 
position  by  a  concentrated  load,  see  Fijrs .  32a^32b-32c^33d. 


I  Uniform  L 
't'   FiC  32a.   '-^'^ 


lb s,p':tr. lineal  ft. 


12500  ft.  lbs 


25000   ft  .lbs. 


lbs 


Pig. 32b  shows  the  correct 
curve  of  moments  for  beam 
loaded  as  in  Figc  32a. 

Pig.  32c  shoves  the  curve 
of  moments  dravn  by  as  sibl- 
ing that  the  load  is  con- 
centrated at  centre  of  beara. 
This  curve-  is  incorrect. 


Fig.  32 d  shows  correct 
curve  of  shears . 


Pig.  326  shovfs  curve  of 
shears  assuming  that  load 
Is  concentrated  at  centre c 
This  curve  is  incorrect. 


5&0G  Ib^. 


Pig.  52e. 
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Yes 

the 


Tha  deterrrdnation  of  shear  for  a  distributed  load  inyol- 
nothinff  "but  the  suicmatiGn  of  the  loads  on  either  side  of 


section  and  is  rery  simple 


Q]hfc  determination  of  mornents 


is  more  coiiiplioated  and  the  following  principles  of  Mechanios 
may  oe  used  to  advantage, 

1°.    The  resultant  of  a  series  of  parallel  forces  is 
parallel  to  the  forces,  equals  their  sum,  and  passes  through 
their  centre  of  gravity. 

2°   The  moment  of  the  resultant  of  a  series  of  parallel 
forces  ahout  an  axis  perpendicular  to  the  plane  of  action  of 
the  foro£<2  equals  the  algehraic  sum  of  ths  m5ments  of  tho 
individual  forces  ahout  the  same  axis. 

The  application  of  the  rules  just  given  to  the  case  of  a 
heam  carr-ying  a  uniformly  varying  distrihuted  load  is 

For  cases  v/hsre  the  load 
pet 

..^^  ^^.  _  ^^^  he  ^^..^ -.-^ 

ly  varying  load  is  quite  ccmmcn  in  "building  work  and  should  oe 
thoroughly  understood. 

Proh.  38.    To  draw  the  curves  of  tending  moments  and 
shear  for  a  heam  carrying  a  uniformly  distrituted  load. 


shown 
does 


in  the  following  prohlems 

not  vary  uniformly  the  sam.e  general  method  of  dividing  the 

load  into  several  parts  may  he  adopted.    The  case  of  a  uniform- 


A  uniformly  varying  load 


Intensity 
loco  Ihs  per-;>  : 
lineal  ft.  jCc   (^    *^ 

I 
I 

'^-  SO' 


(intensity  2CD  Ihs 
-  per  lineal  ft. 


yig.  .?£  f 


Load  on  ahove  "beam  is  similar  to  that  which  would  occur  on  a 
vertical  "team  carrying  a  gate  expcced  to  water  pressure. 

Let  tho  load  he  represented  in  intensity  hy  the  trapezoid, 


».aj 


i3B.=>d' 


lOx   Jt>oi;Li*i: 


-■  ,Vrf        #»^        ^. 


f*  o:^ 
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abed,    shovrr.    in  Fig.    712^,,    the   area   of  vhich    sqiials   the    lotal 
lo-art  on  the  bean.    If    the   trapezoid  be   divided    into  tvro  parts 
by  a   linfi   c    =:  parallel   to   1  he   axis   a  d  th^    effeci    of    each 
portion  nay  be  trr.att:id    separately   am^  the  probl^-nn  simplified. 

Marnitude   of   force   represented  by   triar.gl-' 
000 

l3ce  = X  20  =  aOOO   lbs. 

2 
I-'apnitude   of   force   represented  by  rec- 
tanr:lR   adce  ^  200   x  20  =  4000      " 


1000   lbs 
per  .ft . 


13^ 


Total   load  =-  12000    lbs. 

=  ar.-a   of    trapezoid   abed. 


800   Ib.-^  .p^^ 


a 


(. 


i»--  c ^00   lbs. per. ft 

d 

>(  Pifr.      Z2P-. 


Coraputation  of   Reactions.    Left   reaction  V^    ,    duf    to    loads 

200   X  20 

r -.presented  by  acc-d  =  — ' =  2000  lbs.   To  conput-^  r^- 

2 
actions  du.-.  to  loads  represented  by  trianrle  bee  it  is  advis- 
able to  determine  the  position  of  the  resultant  of  these  loads. 
This  passes  through  the  centre  of  gravity,  f,  of  the  triangle 
(See  1°)  and  hence  is  20  ft  from  the  line  ab  ar.d  _40  ft.  from 
cd.  3  3 

The  left  reaction,  V  ",  du?  to  loads,  bee,  may  be  deter- 
mined by  applying  Yl^O   aoout  right  hand  end  of  beam,   The 
folloT;ing  expression  resnlts-BOOO  x  4 0-Vj^  x  20  =  0,  hence 

3 
Vl"  ^  5333  lbs.   The  total  left  reaction,  V^ ,  equals  Yl"  +  V^ ' 
=  7533  lbs. 

To  obtain  the  right  reaction  apply  2v  =  o.   This  gives 
7333  -  12000  +  Y^  =  0   hence  Vp^  =  4G67  lbs  which  may  be  checked 
by  applying  EI'  -  0  about  the  'left  end  of  the  beam. 

The  curve  of  shears  .may  nov/  be  drai^r. ,   This  is  shovm 
in  Fig.  32h.   Its  equation 
referred  to  rectangular  axes 
passing  through  point  d  with 
x  positive  to  the  left  and  y 
positive  upvrards  is  Y  -  -46G7 
+  20 Ox  +  20x2  in  v/hich  the 
term  200  x  equals  the  area  of 
a  rac tangle  of  height  cd  and 
length  X  (See  Fig.  32g )  and 
the  term  20x2  equals  the  area 
of  that  portion  of  the  tri- 
angle bee  comprehended  betvreen 

its  vertex,  c,  and  a  vertical     CuK^e  of  sH'ears.  for  beam 

shoT-n  in  Pig.  Z2g> 


J    1      :.'■ 


:x-^p9   .,^v 


JJ'J  .1: 
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l-'i.ne   dra\7n  at  a  distance  x  from  the  vertex.    This  curve  cuts 

tlie  axis  at  a  point  11.1  ft,  from  right  end  as  may  he  seen 

hy  placing  y  =:^  0  and  solving  for  x. 

T'he  curve  of  moinents  may  "be  ohtained  in  a  similar  manner 

and  is  given  In  Fig,  32^,  r.I'ts  equation  referrou.  to  same  origin 

is  y  =  4667x  -  800x£_  -  20.:_  ..    This  equation  may  "be  written 

3     "  3  ' 
directly  from  the  shear  equation  hy  multiplying  each  term  in 

the  latter,  v/hich  represent  forces,  hy  the  distance  of  the 

particular  force  from  the  section,   Thus  4667  is  the  right 

reaction  and  hence  should  be  multiplied  "by  X;   200x  is  the  area 

of  a  rectangle  of  length  _  x  and  height  ~   200  and  its  moment 

aliout  its  left  end  equals  the  area  multiplied  "by  I/2  its  "base 

or  'X.;    tiie:  sirsa'  Bfothb:  tr^i&ngular  portion  represented  "by  ZOX.'^   is 

2 

m-altlplied  by  2  ,  the  tistance  hetv/een  its  left  end  and  its 

centre  of  gra?«!:ty . 


303  56  Ihs.    ^/        ,    p.  ,.  ,,\-^    , 
max,  val,   /  ;^,  ym,';;>,u;>^  m^KtM^T 

^t  <L- I 


11. 1^' ' 

B'-ig,  32  1 

Curve  of  moments  for  bopm  shown  in 
Fig.  32f, 

LOG  AT  I CH  OP  POUT  OP  rjLXniLT\I  IIOEiTiTT .   The  m_aximam  moment  always 
occurs  at  the  point  where  the  curre  of  shears  cuts  the  horison- 
tal  a::is .    The  truth  of  this  proposition  depends  iipon  the  fact 
that  the  first  derivative  of  the  moment  equals  the  shear  (see  any 
standard  work  on  Mechanics).  In  order  that  the  moment  may  he 
a  maximum  or  a  mininram  its  first;  derivative  must  equal  zero, 
hence  the  shear  must  equal  zeron   Ac  this  occurs  wherever  the 
curve  of  shears  crosses  the  horizontal  axis  its  raaxlmarn.   moment 
mn.st  occii.r  s,t  such  a  point.   In  the  case  in  question  the  curve 
of  shears  also  cuts  the  axis  at  each  end  of  the  heam,  but  it  is 
evident;  that  the  moments  at  sxioh  points  is  a  minimum  and  not  a 
maximum. 

The  reader  v/ill  observe  that  if  the  equation  for  the  curve 
of  moments  in  article  32  be  differentiated  with  respect  to  X 
the  equation  for  the  curve  ftf  shears  will  be  obtained.    In 
the  light  of  v;hat  has  ji^st  been  stated  this  is  correct  and 
such  a  result  should  alv;ays  be  found.   The  converse  of  this  is 
also  true, viz; 

That  the  moment  cuive  is  the  integral  of  the  shear  curve 
with  respect  to  Z  and  hence  the  ordinate  to  the  curye  of  mom- 
ents at  any  point  equals  the  area  of  the  shear  curve  between 
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the  end  of  tho  "beam  and  tlie  section.   An  inspection  of  the 
ntirQerous  Bhear  and  moment  diagrams  on  the  following  pages 
will  shov/  that  this  relation  oocurs  in  every  case.   The 
student  in  testing  this  "by  integration  must  not  forget  the 
constant  of  integration. 

34   THEOREIvI  for  CCffilFUTIWG  MOIIEITTS.   In  computing  moments  at  a 

numher  of  consecutive  points  as  is  often  necessary  in  dealing 
with  concentrated  loads,  the  following  theorem  may  he  used  to 
great  advantage ;- 

The  moment 'at  any  section  h  of  a  structure  loaded  with 
parallel  forces,  either  concentrated  or  distributed,  is  equal 
to  the  mom.ent  at  anv  other  section  a,  at  a  distance 'X  from  h, 
plus  (algebraically)  the  shear  at  a  mu.ltiplied  "by  X,   plus 
(algebraically  I  the  moment  about  b  of  the  loads  between  a  and 
"b.   This  may  be  expressed  as  follov/s; 

Let  Sa  ^   shear  at  section  a. 

"   Ma  ~  moment  "   "     " 

"   Mi3  =    "   "   "     b. 

X  =  distance  between  section  a  and  section 
b  measured  at  right  angles  to  the  line 
of  action  of  the  forces. 

"  ^^  —  moment  about  b  of  forces  between  a 
and  b. 

Then  Mi,  «  M^  ±  S^t   S^Z  J^Fi^. 

This  may  be  proven  in  the  following  manner. 

■  wg'^ 

M^  =-Pl  (d-^el-ffg)  -  P^  (G-^f-hg)   f  P^  (i-^g) 

a     -^  ■  d  'J  2 

\  --^l    (dr  e-f-f  g-f  x)-^Pg  l:e-^ff  gT-x];tPg  (f-^g^x) 

^w  ( g  -f-x)^ 
2 


Jbns 
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.'.     "by   suld-raotion  M-^^   -  M^^ 
But  Pg-Pi  -  Pg  -V7g  ~  S^  and  ^f "  ^  m 


«=  -  P-iX  -  P^Zf  P,.X---  (2gx-fx^) 
■i7y^ 


M> 


Mjj  -f  Sg^Z  -  M  X , 


This  solution  is  perfectly  general  since  no  restrictions 
were  imposed  upon  character  or  position  of  the  loads, 

35   EEIMS  YCnUS)   AT  EIDS.   The  hearus  hitherto  dealt  with  have  teen 
■  supported  at  tr/o  points  and  have  "been  statically  determined, 
Scraetimes,  however^  "beams  are  used  \7hich  are  held  at  the  onds 
hy  'being  "built  into  the  masonry  or  otherwise  and  are  statically 
undetermined.    Complete  treatment  of  such  heams  may  he  found 
in  standard  hooks  on  Mechanics  and  will  not  he  repeated  here, 
although  attention  should  he  called  to  the  fact  that  suoh 
heams  are  mu.ch,  stronger  than  heams  of  the  same  size  w'hich  are 
merely  supported  at  the  ends. 

A  heam  fi::ed  at  one  end  is  also  indeterminate  with  respect 
to  the  reactions  hut  the  moment  and  shear  at  any  section  of 
the  projecting  end  can  he  computed  without  difficulty. 


Such  a  heam 
tribution  of  the 
varying  downward 
R 


shown 


.I'K 


IS 

reactions  is  indicated, 


dia- 


in  Fig.  35a  in  \/hich  an  assumed 
viz ;  a  uniformly 
reaction  on  the  top  the  resultant  of  which  is 
g,  and  another  uniformly  varying  reaction  on  the  hottom  '.;ith 
a  resultant  equal  to  R-,  .    It  is  evident  that  R]_  =  Rg-^Pl  "^PS 
-!-W,  and  that  the  moment  of  Rg  ahout  the  point  of  application 
of  R]_  must  equal  the  moment  ahout  the  same  point  of  Pi,  Pg,  and 
XI,        The  actual  distrlhution  of  the  reaction  depends  upon  the 
relative  elasticity  of  heam  and  masonry  and  will  not  he  dis- 
cussed.  The  maximum  tending  moment  and  shear  occur  at,  or  very 
near,  the  edge  of  the  masonry  and  can  he  computed  with  no  great- 
er error  than  for  ordinary  heams  resting  on  masonry  ahutemcnts, 
henca  a  heam  of  this  sort  can  he  designed  v/ith  comparative 
certainty,  provided  reasonable  provision  is  made  at  the  ends 
for  carrying  the  reactions. 


,  ■^.i.Liifjj 
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EFIUCT  OF  FLOOR  BEAMS.  Beactions,  momente,  and  5hes»fc  upon  a 
Btructure  as  a  Vi'hole  are  ■uninfluenced  Isy  the  internal  construo- 
tion.   For  example  the  reactions  at  the  ends  of  a  structure 
due  to  a  given  loading  are  the  same  whether  it  ia  a  simple 
beam  or  is  made  up  of  trusses,  floor  "beams,  and  stringers. 
This  Immunity  however  does  not  extend  to  the  individual  mem- 
"bers  of  the  structure  which  are  influenced  to  a  marked  degree 
hy  the  construction  adopted.   In  the  case  of  aa   ordinary  "bridge 
composed  of  trusses  or  girders,  floor  "beams, and  stringers, 
the  shear  and  momejit  on  the  trusses  vary  consldera"bly  from  that 
which  would  etxist  if  there  were  no  floor  heama,  and  this  applies 
also  to  th©  reaction  if  floor  "beams  "be  not  used  at  the  ends. 

The  action  of  floor  "beams  is  to  load  the  main  girders  or 
trusses  v/ith  loads  at  definite  points.   This  is  clearly  shown 
"by  the  figures  accompanying  Article  I,   The  load  reaches 
the  stringers  through  the  floor,  is  carried  "by  them  to  the 
floor  "beams,  and  thenoe  goes  to  the  main  girders.    In  con- 
sequence the  girders  carry  only  concentrated  loads  except  for 
their  ovm  weight,  and  the  cui-^es  of  shear  and  moment  for  the 
applied  loads  are  made  up  of  straight  lines, 

T"f?T.OAL  CUUTOS  Af  SEEA"?.  and  MCM25T.   A  few  curves  of  shear  and 
moTner.t  have  already  "besn  drawn  to  illuBtra'ce  the  tsjct.   In 
tha  figures  which  follow  the  attempt  has  been  mads  to  cover 
a  wide  range  of  oases.   The  "beginner  eiaould  d:»."aw' cuiTes  for 
similar  casas,  changing  the  data  to  avoid  copying,  until  ho 
ujiderstands  the  subject  thoroughly. 
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Typical  Curves  of  Shears  and  Moiients 
Beam  fixed  at  one  end. 
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J  Wt   of   bean      J 
^ -Zp-lb ,s . p ftr   iJii.ft^ 


- — i^o  1 


'  '"'t  .of   beam 


loop   lbs, 


■^^A 


V 


-X  2 


.J 


"TT~ 


(+)    1000    lbs 

-J 


I  Curve   of    Shears 

I  Concentrated  lload  .only. 


(+)240 

„.lb  s , 


,-A  Straight   lijne. 
Equation  y-50x. 
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I  Curve  of  Shears 
V't .    of  beam  only.' 
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Stral_ght    llne-'^^^^l- 

Curve  of    Shears  ,      '; 
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Tr'P/CAL    CuRU'ES  OF  SHEARS  AND  MOMENTS. 
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38    IIJIUEICE  LUTES  and  Ta\£LES  DEFIITED .   In  the  aetermination  oi 

maximum  shears,  moments,  reactions,  and  other  functions  due  to 
moving  loads  it  is  frequently  -aceful  to  study  tlie  effect  of 
a  load  of  unity  as  it  moves  along  the  structure.    This  may  he 
done  graphically  ty  plotting  a  line  called  an  influence  line 
to  shot?  the  effect  of  the  load,  or  analytically  by  preparing 
an  influence  tahle  in  which  are  set  do-./n  the  values  of  the 
f^anction  under  consideration  \;hen  the  load  is  at  various 
governing  points  such  as  the  panel  points  of  a  truss  "bridge. 
The  following  simple  examples  shoves  clearly  the  character  of 
line  and  tahle . 


Influence  line  for 
Simple  heam. 
Shear  at  a 


Distance  of 
load  from      Shear 
right  reaction   at 

a 


1  ft. 

-^  i/e 

E   ft. 

■fl/6 

3   ft. 

•f  3/6 

3.9   ft. 

-1-  39/60 

4.1    ft. 

-    19/60 

5   ft. 

-      1/6 

Influence  Tatle 

for  heam  shown  in  Pig. 38a. 


The 
second  00 
graphical 
due  to  a 
distance 
the  equat 


and 


influence  line  is  the  locus  of  the  values  in  the 
lumn  of  the  influence  table  and  is  merely  tha, 

representation  of  the  equation  for  the  shear'  at  a 
load  of  unity  passing  along  the  beam.   If  X  be  the 
of  the  load  from  the  left  reaction  and  Y  the  ordinate 
ions  of  the  Influence  line  will  be  as  follows ;- 
X 

Z  varying  between  0  and  2' 


6 

6-Z 


Z 


2'  and  6' 


The  difference  between  an  influence  line  and  the  curves 
described  in  the  preceding  articles  should  be  carefully  ob- 
served.  A  curve  of  shears  or  moments  is  a  curve  the  ordinate 
to  which  at  any  point  shows  the  shear  or  moments  at  that  point 
caused  by  the  set  of  loads,  fixed  in  m.agnitude  and  position, 
for  which  the  curve  is  dra\m.   The  ordinate  to  the  influence 
line  shows  instead  the  shear  or  moments  at  the  section  for 
which  the  influence  line  is  drav?n,due  to  a  load  of  unity  acting 


iit  ■  ac 


::xi!,    Ol 


^mfi^^f^'mi  y  ■iMii.»» 


.n  s. 
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at  the   point  where  th^  orrlinate  is  neasured. .    The   example  in 
Article  39  serves  to  iiiastrate  influence  lines  for  tl'^e  more 
conunon  cases  of  sinple  bea,  13  and  girderB, 

The  actual  enplo^ment  of  influence  lines  and  tables  in  prac- 
tice seldom  occurs  except  for  complicated  structures  where  tiiey 
are  frequently  alnost  indispensable.     In  this  boo>-  the  influence 
line  r."-!!!  ,  however,  be  ased  "rith  freedom,  partlj'-  for  piirposes  of 
illustration  and  demonstration  and  partly  that  the  student  may  bet- 
ter fa. liliarizc  himself  with  the  behavior  of  various  structures 
.inrler  'ovln'"  loads  . 


59 


ilXAKPLES  OF  INFLUENCE  LIN3S« 
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Positive  values  are  shown 
above  axis  in  all  cases. 


^  ~ 
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K L    

Influence   Line    Cor   Shear  at 
^Section  _a. 

Fig.   39a. 


/  /   ! 


Influence  Line   for  lloment  at 
Section  a. 


Fig.    7>9c. 
Influence  Line   for  Shear  Sec.  a. 


a 


Fig.    39d. 

Influence   Line   for   'ioment 
Section  a. 
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Pig.   39e 
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Influence   Line   for   Shear  at 
Section  a. 


Fig.   7>9r. 
Influence   Line  for  Moment  at 
Section  a. 


Figs.   39a  to  ''9r  incluBlve  are   for  simple  beams,   or  girders, 
ithout  floor  beams.        Influence  lines   for  girders  with  floor 
»aras  follov;. 
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Sec  note  upon  typo  of  construction, Fi^.  371i. 
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3idc  novation  of  Brid:;^c 
4  panels  ■.■,p'   =  4p'   „  span)l 
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II 


r 

i 


Cross  Section 
of  a  "bridSTG 


Influence  linoa  v'hicli  follov;  arc  for  one  girder  of  a'oovo 

bridge  and  sliov;  the  effect  of  t\;o  loadfi  of  unity  moving  along 

the  structure,  one  upon  each  stringer,  Since  the  "bridge  is 

sycimctrioal  this  is  equivalent  to  one  load  of  unity  for  each 
girder. 


0^     I  f2j  .  (^)      p) 


<"        4  panels  l^'  p'     -y] 
Influence  Line-Shear  in  Panel  (1) 

~  A 


4  panoXS'^p 
Inf-laeace  liicrtU^omcnt   at 
Panel  point  A. 


Influence   line-Shear   in  Panel    (2 


Influence   Lin^-IIoment   at 
panel  point  b. 
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/^=\ 


vj 


'^ 


Influence  line-Shear  in  Panel  (S )   Influence  Line-Moment 

panel  point  c. 


^/'fl' 


Influence  line-Shear  in  Puiel  (4) 


Influence  Linc-IIoiacnt  at 
centre  of  panel  fs) 


40   PROPEHTIES  OP  THE  IIFI.UEICi:  LIHE.   The  following  theorems  may 
often  be  used  to  advantage. 

I*'  The  value  of  a  given  function  duo  to  a  single  load  in  a 
fixed  position  equals  the  product  of  the  magnitude  of  the  load 
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and  the  ordinate  to  the 
where  the  load  is  place 
directly  from  the  defin 
2°  The  value  of 
trihuted  load  equals  th 
and  the  AREA  hounded  hy 
line,  and  the  ordinate 
This  area  nsay  he  partia 
The  algehraio  sum  of  th 
This  theorem  may 
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influence  line  measured  at  the  point 
d.   This  needs  no  proof  hut  follov/s 
ition  of  the  infl^^ence  line. 

a  given  function  due  to  a  uniformly  dis- 
e  product  of  the  IHTEHSITY  of  the  load 

the  axix  of  the  heam,  the  Influence 
drawn  through  the  limits  of  the  load. 
ll;y  positive  and  partially  negative. 
e  two  should  he  used. 
he  proven  as  follows; - 


Let  hod  represent  an  influenc-e 
line  for  a  portion  of  a  given 
structure  of  length  L.   Let  w 
equal  the  intensity  of  a  uni- 
formly distrihuted  load. 


40a. 


section  of  length  dx  =  wdx  and 
the  load  upon  the  given  function 
limits  0  and  L  gives 


I     Pig.  40a. ^1 

Then  the  total  load  on  a 
the  effect  of  this  portion  of 
r:  wydx.    Integrating  hetween  the 

w    ydx 
J  0 
as  the  effect  of  a  load  covering  the  entire  distance  I.  But 
ydx  is  the  area  of  the  infif Initesimal  strip  suhtended  hy  dx  and 
fL  r'L 

\   ydx  is  th©  area  ahcde,  hencee  Wj   ydx  =  W  x  area  ahode. 
Jo  /O 

3*^  The  valua  of  a  given  function  due  to  a  set  of  concen- 
trated loads  in  any  position  equals  the  algehraic  sum  of  the 
product  of  each  load  and  its  correspondi^  ordinate  to  the  in- 
fluence line.   This  ds  a  corollary 


of  1°^ 


lEUTRAL  POUT.   The  influence  lines  for  shear  shown  in  Fig,  39g 
cross  the  axis  of  the  heam  In  each  cas«  except  that  for  shear  in 
the  end  panels.   This  point  of  intersection  is  called  the 
neutral  point  since  a  single  load  placed  at  this  point  pro- 
duces no  shear  in  the  panel  where  the  interse<3tion  occurs. 

The  neutral  point  for  the  end  panels  is  at  the  ends  of  the 
h earns . 


POSITIOl  OP  LOADS  POP  mxiMJll   SHEAR  and  MDT.ffilfT  at  a  DlPlEITE 
SECTIOIT.    The  following  important  lav^s  may  he  derived  from  the 
influence  lines  given  in  Article  39. 

1°.   In  a  single  heam  supported  at  the  ends  a  single  con- 
centrated load  causes  maximum  shear  at  a  section  when  placed 
an  infinitesimal  UlStance  on  one  or  the  other  side  of  the 
section,  and  maximum  moment  v/hen  placed  at  the  section.   A 
uniformly  distrihuted  live  load  produces  maximum  shear  at  a 
section  when  applied  over  the  entire  distance  hetween  the 
section  and  one  or  the  other  end  of  the  heam,  and  maximum 
moment  when  applied  over  the  entire  length  of  the  heam. 

20.   In  a  girder  or  truss  loaded  hy  means  of  floor  heam.s, 
a  single  concentrated  load  produces  a  maximum  shear  or  a  maxi- 
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mum  moment  in  a  panel  v.'lien  placed  at  the  floor  "beam  at  one  or 
tlxe  other  end  o"  tlie  panel,  and  the  maximum  moment  at  a  panel 
point  v/}i.en  placed  at  that  point.   A  uniformly  distributed 
live  load  produces  a  mascimum  shear  in  a  panel  v,-hen  applied 
over  the  entire  dlst-.mce  "bet^veen  the  neutral  point  of  that 
panel  and  one  or  the  other  end  of  the  structure,  and  a  maximum 
moment  at  any  point  v/hen  applied  over  the  entire  length  of  the 
structure . 

43  FJLXII.roi;I  MOIffiETS  and   SIIE.'^RS--STRUCTURES  SUPPORTED  AT  EETDS . 

In  the  preceding  article  moments  and  shears  at  particular 
sections  have  alone  been  consicTered,  and  no  attention  has  been 
given  to  the  maximum  values  of  these  functions.    These  maximum 
values  must,  however,  be  computed  before  the  structure  can  be 
designed.   Per  single  concentrated  loads  and  for  uniform  live 
load  the  value  of  these  quantities  can  be  easily  determined 
as  follo\7S,  for  beams  supported  at  ends. 

Case  1.   liaxifflum  shear,  single  concentrated  load,  beam 
v/ithout  floor  beams,    The  influence  line  shows  that  the  maxi- 
mum value  of  the  ordinate  occurs  either  when  Z  =  I,  or  L-X  =  Li 
and  equals  unity,  hence  the  maximum  shear  in  this  case  under 
a  concentrated  load  of  magnitude  P,  equals  P,  and  occurs  ;;ith 
the  load  at  either  end  of  the  beam. 

Case  2.   Maximum  moment  on  beam  under  saLie  conditions 
as  Case  1.   Here  the  ordinr.te  to  the  influence  line  is  a 
maximum  at  the  load  and  equals  X   (L-X).   This  can  be  easily 

L 
shown  to  bo  a  maximum  when  X  =  I-X,  hence  the  maximum  moment 
due  to  a  load  P  occurs  v;hen  the  load  is  at  the  centre  oi  the 
beam.   Its  value  is  PL. 

i~ 

Case   3,     Maximum  shear   on  same   beam  as   Case   1  due   to   a 
uniform  live  load  of   intensity  w.        It    is    evident   that   the   area 
betii/een  the    influence   line   an.'    the   axis  will  be    a  maximum  if 
section     a      is   at   either   end,    hence   the   maximum  shear  equals  WL 

2 

Case  4.   Same  as  Case  3  but  maximum  moment  instead  of 
shear.    Tlae  maximu.m  moment  occurs  for  load  over  entire  beam 
and  at  tlie  section  \'/here  the  ordinate  is  a  maximum  v.hich  has 
already  been  shown  in  Case  2  to  be  at  the  centre.   The  moment 
at  the  centre  eqiials  l/8  v;L^ . 

Case  5.   Maximum  shear.   Single  concentrated  load. 
Girder  with  floor  beams.   Panel  lengths  equal.   The  maximum 
evidently  occurs  in  the  end  panel;  Its  value  depends  upon  the 
number  of  panels.    If  n  equals  number  of  pa:oels  and  P  the 

load  the  maximum  shear  =  P (n-1  ) . 

n 

Case  6.   Same  as  Case  5  but  uniform  load  w  per  ft  Instead 
of  concentrated  load.   Maximum  shear  occurs  in  end  pa;}els  and 
equals  fw^   (n-l)  v;here  p  —panel  length. 
2 

Case  7 .   Same  as  Case  5  but  maximum  moment  instead  of 
maximum  shear.   Place  load  at  panel  point  nearest  centre. 
Maximum  moment  occurs  at  this  panel  point  and^equals 
(P)(^)  if  number  of  panels  is  even,  and  Pp(n'^-l)  if  number 
(2)(2  J  iS 

of  panels  is  odd. 
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Case  8.   Same  as  "Case  6,  "but  maximum  monent  Instead  of 
Eca-cirtium  shear.   Maximuui  moment  occurs  at  panel  point  nearest 
centre  with  load  over  entire  span.   Its  value  is  1  Vlli"^   when 

1  u 

number  of  panels  is  even  and  1  WL^   (1-  -„)  v;hen  number  is  old, 
(See  Fig.  43JJ .  F  n^^ 

In  deriving  these  tv;o  quantities  the  following  theorem 
nov  used:- 

"The  moment  at  a  panel  point  of  a  girder  with  floor  "beams 
equals  that  at  the  corresponding  point  tf  a  simple  "beam  under 
the  same  load. 

J/ Stringer 


s 


t 


1^         I  /^  "    ^X     Floor  "beams 


Pig.  4ga. 


The  proof  of  the  theorem  is  as  follows ;- 

Let  Fig.  43a  represent  a  portion  of  a  girder  carrying 
floor  "beams. 

let':  JL  =  moment  at  panel  point  "b. 

"   IL  =   "    "    "     "a. 

".   S  =  shear  in  panel  to  left  of  given  panel. 
Then  in  accordance  with  rule  given  in  article  34 

Mg  =  M2_  ^f-  Sp  -  P(X)r  =  Ml  S-j   -   ?x  \/hich  is  the  value  of  the 

momient  at  ("b)  eith  the  load  P  applied  directly  to  the  girder 
at  the  point  G. 

Of  the  formulas  in  this  article  the  student  is  advised 
to  memorize  that  for  maximum  moment  at  the  centre  due  to  a 
uniform  load,  viz;  M  =  1  HL^ ,   This  is  applicable  "both  to 

8 
simple  he.ims  and  girders  \;ith  floor  "beams  and  an  even  num'ber 
of  equal  panels . 

Since  the  moment  at  a  panel  point  equals  that  at  the  cor- 
responding point  of  a  simple  "beam  under  the  same  load  the 
locus  of  the  moments  at  the  panel  points  is  a  para'bola,  with  a 
centre  ordinate  equal  1  XTL^,   henoe  the  ordinate  at  any  panel 

point  of  a  girder  \.'ith  an  odd  num'ber  of  p.  nels  may  "be  dediiced 
from  this  value  "by  applying  t-e  equation  of  the  parabola. 
This  is  illustrated  by  the  following  figure;- 


Hns    "<T9V» 
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Or-    * 


Origin  of  parabola 


Horizon-':s.l  arcis   of 
parabola 


---  Ivla3:.   moment^  1  V/L 

(Load  =  \7  per  ft.  over 
entire  girder) 


9  panels  x^*  p 
«  9p  =  I  "" 

Fig.  43t. 


The  ordinate  y  equals  1^  WV-' 

8 
on 
moment  girder. 


1  - 


(  P  )2 

(4..1  P)2 


=  ma3ciraum 


44.  AZPP.OXIIMTE  ICllTHaD  for  IIAXIMU.,!  SEEIAR.    In  practice  it  is 

coiULion  to  determine  maximum  shear  produced  hy  a  uniform  load 
on  girders  with  floor  teams  "by  the  follo\.'ing  approximate  "btit 
safe  method, 

Coniours  the  maximum  positive  shear  in  a  panel  as  if  all 
panel  points  to  right  were  loaded  v.ith  full  panel  loads  and 
panel  points  at  left  with  no  load;  for  maximum  negative  shear 
reverse  this  process. 

This  method  is  illustrated  "by  the  following  example. 


If —  6  panels    Q^-'  15'        x 

I  ' 

Pi^.   44a. 

The  position  of   the  neutral-  point  may  he   found  by   similar 
1 
m  tV  2  2  s 

triangles----     =  ----    ,',    m  d  r:  b-   o   d     =     3/5    (15)  =9 
0   d        1  / 1  5 

2^3 
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CHAPTER  III. 
COHCEUTRATED   LOADS. 

SHEAR  at  a  J'lXED  SECTION  --GIRDER  ^/ithout  FLOOR  BE41vIS.   To 
determine  the  position  of  loads  \/hich  will  produce  maximum 
Shear  at  a  given  section  of  a  simple  end-supported  beam  or 
deck-girder  a  method  of  tri&l  may  be  employed.   Stnted 
briefly  tnis  consists  of  moving  the  loads  along  the  beam  by 
intervals  corresponding  to  the  distance  between  v/heels  and 
uritmg  expressions  for  the  change  in  shear  thus  produced, 
This  process  is  repeated  until  the  shear  is  found  to  de- 
crease . 

This  method  is  based  upon  the  fact  that  the  maximum  shear 
at  a  given  section  of  a  simple  beam  carrying  concentrated 
loaas  occur  with  one  of  the  loaas  at  an  infinitesimal  dis- 
tance from  the  section. 

..  4.V  Pf  proof  of  this  proposition  and  the  application  of  the 
method  to  a  definite  case  will  now  be  given. 

.^   +1-^®*  ^^^*  ^^^  represent  a  typical  set  of  concentrated  loads, 
in  this  case  a  single  consolidated  locomotive,  and  Fig.  45b  a 
Deam  for  which  it  is  desired  to  compute  the  maximum  shear  at 
seccion  a. 

loads  in  thousands  of  lbs.  per  wheel. 
10     20   20   20   20    14   14   14   14 
•  CG. __.(?). .(3)  U)__C5i___    {el   (7)  (8)  (9) 

514:  5^  5'J,i;- 


10 


50' 


^^^ 


^'^^'   ^5a  Eig.  45b 

^   The  influence  line  for  the  section  is  shown  in  Fig.  45o 
anc  shows  clearly  that  for  mc.:-imum  positive  shear  at  section  a 
most  o±  the  heavy  loads  must  be  to  the  right  of  a. 
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To  prove  that  one  of 
distance  to  the  right  of  • 
tion,  proceed  as  follows. 
as  shown  in  Fig.  45d. 


the  loads  should  lie  an  infinitesimal 
he  section,  or  ]practically  at  the  sec- 
Suppose  tl:e  loads  to  he  on  the  "beam 
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\i  Influence  line  shovm  dotted. 


(6) 

0) 

>  ^ 

'JU 

III'' 

(S)  C9) 


gig»  45d, 


As  the  shear  due  to  a  set  of  concentrated  loads  in  any 
position  eqUuvls  the  summation  of  the  product  of  loads  and 
their  ordinates  it  is  evident  that  starting  with  lOQds  in 
ahove  position  shear  at  a  v/ill  "be  increased  by  moving  the 
loads  to  the  left  until  1  reaches  the  section.   Iftthe 
loads  are  moved  still  further  until  load  1  passes  to  the  left 
of  the  section  there  Vvfill  he  a  sudden  decrease  in  the  shear 
due  to  load  1  crossing  the  section.    The  hew  condition  is 
indicated  hy  Pig.  45e  from  ?;hieh  it  is  again  evident  that  if 
the  loads  he  moved  still  further  to  the  left  there  will  he 
another  increase  in  shear  until  load  2  comes  to  the  section, 
and  that  the  result  of  load  2  crossing  the  section  will  he 
another  sudden 


^7^ 


(/; 


>*> 


T 


(2) 


vV' 


(i";-    (il)~^(3)_      (6)        [V        OS)        (q) 


\V 


vr 


W/ 


:^^ 


itr- 


V5~-  -- 


Influence   line    shovi/n  dotted, 


/' '  / / 


Pig.  45e. 

decease  in  shear  after  which  the  shear  will  again 
till  another  load  reaches  the  section, and  so  on. 
clear  tha,t  the  effect  of  a  load  coming  on  the  span 
right  or  going  off  at  the  left  during  the  progress 
up  will  not  effect  the  tnith  of  ahove  statements. 
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Fig;.  45f 


FiK.  45f  is  a  f;raphicp-l  illustration  of  tne  clianges  in  shear 
at  a,  of  'bea:-as  sho^vn  in  Pig.  45b  as  the  loads  iiove  to  the  left. 
The  orclinates  represent  this  shear  rith  load  M)  at  the  point 
where  the  ordinate  is  ahovm.    In  consequence  the  line  1-3  shows 
the  increase  in  shear  at  _a  due  to  noving  load  (1)  on  the  span 
until  load  (2  )  reaches  the  right  end;   3-3  shouts  the  increase  due 
to  "loving  to  the  left  the  first  tv/o  loads  until  load  (3)  reaches 
the  right  abutnent ;  ^.nd  so  on  up  to  9-10  which  shows  the  effect 
of  :noving  the  first  9  loads,  i.e.  all  tne  loads,  until  the  flBst 
load  reaches  the  section  a_.    As  the  first  load  crosses  the  sec- 
tion t]:e  shear  dro,is  suddenly?-  oy  lOO^'^O  Tos  .  and  then  increases 
again  as  Thovm  by  11-13  until  t^ie  second  load  reaches  section  a. 
As  this  load  cros':^es  the  section  tne  shear  is  diminished  by  8  0000' 
lbs.  and  then  increases  as  shovrn  by  13-14  until  the  first  load 
passes  off  the  span.    Th^'s  oroduces  no  s-adden  change  in  shear 
but  changes  the  slope  of  the  line  as  shown  by  14-15. 

?roi^  the  preceding  discussion  it  is  evi-'ent  that  the  follow- 
ing method  miay  be  ased  to  determine  the  location  of  loconotive 
loads  for  naxi:ia-i  )Ositive  sh^ar  Pt  any  section  of  a  simple  beaj^i'.- 

Starting  v;ith  all  the  loads  to  the  right  of  the  section  and 
with  load  1  at  the  section,  write  an  expression  for  the  change 
in  shear  dae  to  laoving  load  a  to  the  section.     If  this  ex- 
pression shows  a  decrease  it  is  evident  that  load  1  at  the  sec- 
tion gives  the  iiaxltTum  shear.    If  on  the  other  hand,  the  ex- 
pression shovrs  an  increase,  it  will  be  necesr'ar^'-  to  write  another 
expression  for  th.e  increase  due  to  noving  up  loads  3  and  so  on 
till  a  decrease  is  finally  obtained. 

In  practice  tne  ojeration  is  simple  as  is  shown  by  the  fol- 
lo¥:ing  exariple  for  the  beain  and  loads  of  this  article.     It 
will  be  noticed  -chat  Instead  of  writing  an  equation  for  the 
change  in  shear  the  method  used  is  to  write  an  inequality  one 
Bide  of  vdiich  shows  the  increase  in  the  left  hand  reaction 
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due  to  moving  up  those  loads  v.'hloh  are  on  the  span  to  begin 
with  and  remain:  on  or  './hich  come  on  Cvrrinf;   the  process  of 
moving,  and  the  other  side  Ox  which  shows  the  effecT^of  a 
To"ad  crossing  the  section  or  going  off  the  span  to  the  left. 

The  numerical  expressions  for  the  case  in  question  will 
now  he  given.  8 

V/ith  1  at  section  move  up  2.    146  X  —  >  10 

60 
As  the  left  hand  quantity  is  greater  than  the  right  it  is 
evident  that  the  shear  is  increased  hy  moving  up  load  2, 

With  2  at  section  move  up  3. 
5  2 

(146  -  10)  --7-  c)  f  (10)—   <  20 
60  60 

Since  in  this  case  the  left  hand  side  is  less  than  the  right 
hand  it  is  evident  that  there  is  no  further  increase  and  that 
the  ma^riKfum  shear  will  occur  with  load  2  at  section  a. 

As  the  left  hand  side  of  the  ahove  expression  may  not  he 
entirely  clear  a  few  words  of  explanation  may  he  added.   The 
first  term  shovjs  the  increase  in  the  left  hand  reaction  due 
to  moving  up  those  loads  which  are  on  the  span  to  hegin  with 
and  which  remain  on  the  span.   The  second  term  ^  has  already 
heen  explained,  Its  value  in  this  case  heing  0.   The  third 
term  gives  the  shear  caused  "by  load  1  v;hen  load  2  is  at  sec- 
tion a.   This  shear  "being  negative  and  disappearing  during  the 
movement  on  account  of  the  load  going  off  the  span  an  increase 
in  shear  is  ohtained  v;hich  is,  therefore,  placed  on  the  left 
hand  side  of  the  inequality. 

Having  in  ahove  fashion  determined  the  position  of  the 
loads  for  maximum  shear,  it  remains  simply  to  compute  this 
shear  in  the  ordinary  manner  hy  figuring  the  left  hand  reaction 
and  suhtraoting  therefrom  the  loads  hetv/een  it  anc"!  the  section. 

M0?/1EUT  at  a  PIZED  SECTION.   The  method  of  determining  the  posi- 
tion of  loads  for  maximum  moment  differs  somev/hat  from  that 
used  in  determining  the  position  for  maximum  shear,  and  is  as 
follows ;- 


Influence  lines-moment  at  m.'M'H 
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Let  the  original  position  of  the  loads  "be  as  shov/n  in 

Pig. 46a. 

let  ^M  —   increase  in  moment  at  m  due  to  moving  all  the 
loads  a  short  distance  d  to  left. 

Then,  since  the  change  in  moment  at  m  caused  hy  the  moment 
of  the  load  cysten  equals  the  summation  oF  the  product  of  each 
load  by  the  change  in  length  of  the  influence  line  ordinate 
corresponding  to  that  load,  the  follor/ing  expression  for  the 
increase  in  moment  may  he  v/ritten. 

AM=  fPg^Pg-f  P^i^Pg)   d  tan  e  "  ^^o^^l^  ^   *^^  ^ 

h  h 

=  (P2-^Ps/P4  4-P5)  d  --   —  (P^-f  P-^)  d  - 

L-a  a 


A  M 

h  a 


^2-^V^4-1':P5    -  I'o^?i 


L-a  a 


This  equation  shov/s  that  the  moment  at  m   v/ill  he  in- 
creased hy  moving  the  loads  to  the  left  if  the  average  load 
per  foot  on  the  right  of  m  he  greater  than  the  average  load 
per  :fei£^  on  the  left .   The  converse  of  this  proposition  is 
also~traG .   It  should  he  noted  that  if  the  average  load  per 
foot  on  the  right  equals  the  average  load  per  foot  on  the  loft 
there  v/ill  ho  no  change  produced  in  the  moment  hy  moving  the 
loads . 

The  ahove  equations  are  true  so  long  as  the  loads  do  not 
change;  that  is,  if  no  load  comes  on  from  the  right,  or  goes' 
off  to  thelloft,  or  passes  the  section.   It  is  readily  seen, 
hov/ever,  that  if  the  average  load  per  foot  on  the  right  ex- 
ceeds that  on  the  left  a  movement  to  the  left  sufficient  to 
bring  another  load  on  from  the  right  or  to  cause  a  load  to  go 
off  to  the  left  serves  to  increase  the  moment  more  rapidly 
and  hence  does  not  vitiate  the  conclusion  that  the  loads 
should  he  moved  to  the  left.    It  is  also  evident  that  the 
movement  to  the  loft  should  he  continued  until  Pg  reaches  the 
section  hence  \7e  have  the  folla.ving  theorem ;- 

For  masirnum  moment  at  any  section  one  load  must  lie  at 
the  section,  and  the  loads  must  he  so  distributed  that  v;ith 
that  load  just  to  the  right  of  the  section  the  average  load 
per  foot  on  the  right  is  greater  than  that  on  the  left,  while 
with  that  load  just  to  the  left  of  the  section  the  average 
load  per  foot  on  the  left  is  greater  than  that  on  the  right. 

A  s-;ecial  case  ox  the  above  is  v/hcn  the  average  load  per 
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foot  on  one  side  equals  the  average  load  per  foot  on  the  other 
bide.   In  this  case  a  load  does  not  have  to  lie  at  the  section, 
hut  if  it  6.0CS  lie  at  the  section  the  moraont  v/ill  "bo  eqiial  to 
the  maxinrim-  hsnce  the  theorem  applies  for  tliis  case  also. 

The  application  of  this  theorem  is  simple,  hut  it  some- 
times happens  that  several  loads  of  the  same  systora  \;ill  he 
found  to  satisfy  the  ahove  criterion »   This  is  explained  by 
tlie  fact  that  a  different  set  of  loads  may  he  on  the  span 
for  each  posltlon_.  and  consequently  fnere  may  he  several  maxima. 
In  Buch  cases  it  is  usually  necessary  either  to  commute  the 
value  uf  each  ma:: -.Tram ,  or  else  to  oompite  the  change  in  moment  i<>€ 
to  moving  the  loails  from  one  maxiii?uin  position  to  another. 

A   liiviorical  o^cample  of  the  determination  of  the  position 
for  laiQ.-i^lx'.nm   moment  v/ill  now  he  given. 

Lot  the  loai!.s  and  span  he  as  in  Article  45  and  let  the 
prohlem  be  to  find  the  position  giving  maximum  moment  at  a, 

Av.  load  per  ft.   Av.load  per 
First  try  load  2  on  right  ft  =  on 

left 
136        ^        10 

Load  2   to  right  of  section         -^ 

50  10 

Load  2  to  loft  of  section  116       K  30 


50  10 


Loads  2  gives  a  maximum 
Try  load  3. 


Load  3  i^o  right  of  section 


Load  3  to  left  of  section 


Av.load  per  ft.   Av.load  per  ft. 
on  right         on  left 


116  ^      20 

50  10 

96  ^      40 

50  10 


Load  3  also  gives  a  maximum. 

It  is  seen  hy  inspection  that  in  this  case  it  is  unne- 
cessary to  try  load  4  and  that  loads  2  and  3  are  the  only  ones 
giving  maximum  moments.    To  determine  v/hich  of  these  is  the 
larger  it  is  advisahle  to  compute  both  independently  and  then 
check  the  results  hy  computing  the  change  in  moinent  produced 
hy  moving  from  load  2  at  a  to  load  3. 

That  the  maximum  moment  at  a  given  section  due  to  a 
set  of  concentrated  loads  alT/ays  occurs  i.'ith  a  load  at  the 
section  is  apparent  from  tho  fact  that  the  maximum  moment 
occurs  v/hero  the  curve  shear  crosses  the  axis,  and  that  this 
can  nevex  happen  except  at  on.''e  of  the  loads . 
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Inflixenoe  line.   Shear  in  Panel  1. 
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floor  'beam  reactions 
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Influence  line.  Shear  in  panel  2. 
Fig,  47. 

Consider  first  the  position  of  loads  for  ^^^J^^^i^'^f^-^f 
fl)  In  this  ca^e  it  is  clear  tha^  the  if-aiiimuiii  shear  occurs 
vith  Se  same  condition  that  produces  ma:: imum  ^^^^j\;^^^^^^ 
no-'nt  a   since  the  proof  given  in  Article  46  applies  equally 
veifhire/   In  consequence  one  of  the  loads  must  l^f  ^t  | 
TO  determine  which,  either  the  methoc:,  of  moving  ^P  ^^^^.^^^^^^ 
e3q)lalned  in  article  45  may  he  used,  or  that  of  °JJ^^^^^^\J^^^ 
position  of  the  loads  for  maximum  moment  at  a.   li  the  laT^xer 
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plan  te  adopted  It  rriay   happen  that  more  than  one  position 
v;ill  he  found  to  give  a  rtaximum  and  hence  an  extra  compu- 
tation will  he  needed.    This  latter,  is  however,  useful  as 
a  check  and  is  no  argiicicnt  against  the  ncthod  since  an  ap- 
proximate check  computc'-.tion  with  another  load  at  the  section 
should  invariably  he  made . 

The  fact  that  the  maximum  shear  in  the  end  panel  and  the 
maximum  moment  at  the  first  panel  point  occur  simultaneously 
is  important.   It  follows  that  since  none  of  the  live  loac'.s 
can  he  ap:)lied  to  the  girder  het-,7oen  panel  point,  the  miaximum 
live  moment  at  the  first  panel  point  equals  the  product  of 
the  maximum  live  shear  in  the  end  panel  and  the  length  of  that 
'">^ol . 

Fox   intermediate  panels  the  latter  metliod  can  not  he 
used  since  it  is  incorrect  except  for  cases  where  the  influ- 
ence line  is  composed  of  two  straight  lines  forming  a  triangle 
with  the  axis  of  the  heam  for  intermediate  panels  this  con- 
dition does  not  occur.   For  this  case  therefore^,  the  method 
of  Article  45  will  he  adopted.   Examination  of  the  influence 
line  in  Fig  47,  which  iS  typical  of  the  influence  linos  for 
all  intermediate  panels,  shpwc  that  the  loads  /hen  hrought  on 
from  the  right  must  at  least  he  moved  to  the  left  until  the 
first  load  roaches  h.   Further  movement  to  the  loft  ccuses 
a  decrease  in  the  shear  due  to  the  first  load,  hut  an  increase 
due  to  loads  on  the  right.   The  result  is  a  net  increase. 
The  loads  should  he  moved  until  load  2  reaches  h.   This  con- 
clusion is  uninfluenced  hy  the  action  of  another  load  coming 
on  the  span  from  the  right  or  hy  load  1  passing  a.   Further 
movement  to  the  left  produces  an  additional  increase  in  shear 
due  to  loads  to  the  right  of  h,  hut  a  decrease  due  to  load  2, 
and  either  an  increase  or  a  decrease  due  to  load  1.   If  the 
expression  for  the  change  is  positive  it  will  renmin  so  until 
load  3  reaches  the  section  unless  load  1  passes  off  the 
hridge  v/hich  t/ould  lower  the  rate  of  increase  and  perhaps 
cause  a  decrease.   This  condition  is,  however,  not  likely  to 
occur  and  may  he  neglected. 

In  viev;  of  the  foregoing  it  may  he  stated  that  for 
maximum  positive  shear  in  either  end  or  intermediate  panels, 
one  of  the  loads  must  lie  at  the  panel  point  to  the  right. 

Before  proceeding  to  a  numerical  illustration  of  these 
principles  the  student  should  ohserve  that  the  increase  in 
shear  in  pnnel  1  equals  the  increase  in  Rn  minus  the  increase 
in  Po,  that  the  increase  in  shear  in  panel  2  equals  the  in- 
crease in  R,  minus  the  comhined  increase  in  Po  and  P-,  ,  and 
similarly  for  oti'.cr  panels. 

A  load  which  passes  off  tlic  span  in  the  process  of  moving 
up  should  alv;ays  he  considered  hy  itself.   It  should  ho  noted 
that  the  change  of  shear,  or  of  any  other  function,  due  to 
removing  a  load  from  a  structure,  is  equal  to  the  shear,  or 
other  function,  caused  hy  the  load  \.'hen  on  the  structure. 
Hence  to  find  the  change  in  shear  due  to  a  load  passing  off 
the  span  compute  the  shear  due  to  it  in  its  position  at  the 
hoginning  of  the  movement,  which  removes  it  from  the  span. 
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The  application  of  these  principles  will  now  te  mad^  for 
the  structure  shown  in  Pig.  47  and  the  locomotive  given  :.n 
Ai-tiole  45. 

Shear  in  End  Panel.    Method  of  Koving-Up  the  Loads 

Start  with  load  1  at  panel  point  a. 

Increase  in  R^  Increase  in  Po . 

Q   -.  8 

Move  load  2  to  a  146x  -    r  O  >  lOzz  - 

60  12 

.',  Shear  is  increased.         o     -     0   intjthia  case, 

5    _  5      4    4  -H 

Move  load  3  to  a  136  x  —  ^  c>     3    20x--fl0x--  x  - 

60  12    12    5 

.'.  shear  is  increased.  ^  =  Or, in  this  case. 

The  fact  that  the  increase  in  moving  up  P  is  very  slight 
and  that  the  next  step  of  moving  up  P,  would  mitcrially  in-"^ 
crease  the  change  in  Po  without  increasing  that  in  ?-,  rcake-s  it 
evident  that  load  3  at  section  gives  maximum  shear. 

The  value  of  the  ttaxlrxuE  shear  in  the  end  panel  may  nov; 
oe  computed.   The  expression  for  it  is 
20  14  5 

--  {53y-48f43f38)  ^  --  f  29f  24^19i-14 )  -20x  —  -  V3000  lbs. 
60  60   ■  12 

To  show  the  correction  of  ahove  co^ielusicns  the  shear  with 
load  2  at  a  will  now  he  computed. 

29  (48+43T38-1-33)  I  14  (24+19^14+9  ) -hi 0x4 /l 2  x  4/5  "  720'?0  Ihs. 
60    .  '60 

the  value  of  which  is  less  than  that  for  load  3  at  section  in 
accordance  with  the  conclusions  of  the  previous  method. 

vf 

The  last  term  in  the  ahove  exprcssicn  gives  the  shear  due 
to  load  1  when  load  2  is  at  a.    Its  value  is  obtained  hy  com- 
puting the  floor  beam  reaction  P-,  and  the  sh^ar  due  to  it. 
The  reaction  Po  may  be  ignored  since  it  produces  no  shear  in 
the  girder.   The  same  result  should  be  obtained  by  the  usual 
method  of  computing  Ri  and  subtracting  Po  from  it;  this  gives 
\i^  -      8  J   10  which  equals  the  value  already  found, 
( 60    12  ) 
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S^ear  In  End  Panel.   Average  load  Method. 


Load  2  to  right  of  panel  pt. 


load  2  to  left  of  panel  pt . 
Load  3  to  right  of  panel  pt. 


Load  3  to  left  of  panel  pt . 


a 


a 


a 


a 


Avo  load 
per  ft. 
on  right 

Av.  load 
per  ft. 
on  left 

136 
4 

> 

10 
1 

/,  Load  2 

116 

< 

gives  a  max 
30 

—  ___ 

—  — . 

4 

116 

4 

> 

1 
20 

1 

96 

40  .  load  3 

4 

—  '  'gives  a 
1  max. 

96 
4 

< 

- 

40  , 

—  <  <  load  4 

1  does  not 

give  a 

rcaicircum 

Load  4  to  right  of  jmnel  pt.a 


Shear  in  2nd.  Panel.  Method  of  Moving  U^  the  Loads. 

From  these  ercpressions  it  is  seen  that  by  the  application 
o±  the  average  load  criterion, loads  2  and  3  arc  found  to  give 
maxima,  and  that  it  is  necessary  to  calculate  both  to  determine 
the  greater. 

It  should  he  noted  that  in  the  application  of  the  average 
load  method  the  average  shear  per  panel  instead  of  the  average 
shear  per  foot  has  -been  used.    This  is  simpler  and  gives  the 
same  result  when  the  panels  are  of  equal  length  as  in  the 
bridge  under  consideration.    If  the  panels  are  of  unequal 
length  this  method  would  he  incorrect. 
Start  with  load  1  at  panel  poInT  T: 

Increase  in  Hi        Increase  in  (Po^-Pi) 


Move  load  2  to  h  104 


::  G 
60 


^  f  d 


10  X  8  ,',  shear  is 
1^    increased 


^ 


=  14  ::  4_  but  this  value  need  not  have  been  com- 

60  putod  since  it  will  not  alter  the  result 


Increase  in  R]_ 


Move  load  3  to  b  132  Z  5  4  0   < 

60 


Increase  in(PQ-fP-L) 

10  X  4_-f  20  Z   5/^2  gives 
12       12     ma^Cr 


L  o.-t 
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2 

rJ     ~   14  X  --   fncGossary  to  corcputc  in  this  case  uince  other- 
60 
Vs'iBG  results  v/ouid  Tdc  doulitful. 

The  right  hand  side  of  ahoyc  i.uG(;iiality  nay  require  some 
ejqplanation.  With  load  2  at  Id  P  ^  C  and  Pn  =  G  10 

°  I2 

1  11      5 

with  load  3  at  "b  Pq  =  --  10  and  P-,  z=   '  ~~   in4-__   20 

12  "•    12  12 

,',  Increase  in  (Pq-^PI)  =10/(12   0  )  .   5 

(12   IE  )  '  1-^ 

That  is,  the  increase  in  (P^-^-Pi)  -/hon  lo.:d  1  is  Eorcd  from 

the  second  into  the  first  panel,  equals  the  reaction  on   the  floor 
heam  at  t  due  to  load  1  ^/hen  load  (2)  is  at  t  plus  tho  increase 
m  the  reaction  on  tJiis  floor  hoam  due  to  moving  the  second  load 
into  t_:e  second  pc.nol. 

The  value  of  tho  mairiniuiii  shear  in  the  second  -oanol  ocuals 
44   .  20  14  I'-'g   " 

10  X  -  -i^    -  (36r31t26f2l)-  —   (12^7v-2)  -  ----   =,  43560  lbs. 
6C     60  60  12 


as  an  appro::irnate  clicck  tho  shear  ''ith  load  3  at  "b  has  "been 
computed  and  found  to  "be  43370  lbs.    If  the  increase  in  shear 
as  doteraiincd  from  the  expression  for  the  increase  duo  to  moving 
up  load  3  "be  added  to  this  the  result  should  equal  tho  shear 
v.'itn  load  2  at  b  thus  giving  an  exact  check. 

SIIEAE-GIHKER  WITH  FLOOR  mAMS ,    ALTirmUTE  METHOP. 

Another  method  u'idely  used  for  the  determination  of  tho 
i)Osition  of  the  loads  for  ma::iraum  shear  in  any  ^ancl  of  a  pirccr 
or  truss  with  floor  heams  is  as  follo\;s:- 

?1 


l: 
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~h 


'f  <-  p"4  ^^ 
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T  ^t  tl.ic  jiroblerri  be  to  detsrmj.ne  the  position  of  Il.oadR  for 
maximum  siioar  In  seoond  panel . 

As  "before  one  load  must  lie  at  panel  point  b. 
let  P  4  sum  of  loads  on  the  bridge. 
"  P^=  sum  of  loads  in  the  panel  including  the  load  at  b 


loads  a  distance  d^^  to  left. 


d.^=  increase  in  shear  in  given  panel  due  to  moving  the 
istance  d-^  to  left. 

Then  dy  =  P  d^  -  P^  dx 
___    ^     _ 

,',  dv     «,    P  "  PI 
dx         T       F" 
In  order  that  the   position  of  the   loads  maj?   be   such  as  will 
give   a  maximum  shear  in  the  panel  dv  must   equal   or  be   less   than 
zero.  dx 

P     -     Pi       -  C        or       Pi   _    P 

LP  PI 

The  application  of  this  method  to  a  given  case  is  as  follor's; 
Determine  a  load  such  that  the  average  load  per  foot  in  the  given 
panel  is  less  than  that  on  the  entire  span  if  the  load  is  placed 
just  to  the  right  of  the  panel,  and  greater  or  equal  to  the 
average  load  on  the  span  v/hen  placed  just  in  the  panel. 

This  method  when  applied  to  the  numerical  examples  of  the 
previous  article  gives  the  following  results. 

Shear  in  end  panel  Average  load        Average  load 

end  panel  entire  span 

Load  1  to  right  0  146  ' 

60  /  not  a 

"     1  in  panel  10  ^  146     male 

T2  ~^^ 

"  2  to  right  10        ^        146  \  not  a 

T§"         ~        6"0'  /  max 

"   2  to  left  30         -^        146 

12  60 

"  3  to  right  20         /.       136  N   a 

12  60  I  max 

"  3  to  left  40         ^-v        136 

T2         '         "^ 


,r.l        .1.       T 


'■(T 


It  is  o'bviously  unnecessary  to  v/rito  numerical  values  for 
the  average  loads  with  load  1  to  the  right  of  the  panels   It 
is  also  clear  that  for  the  ordinary  case  of  equal  panels  tho 
total  load  on  tho  panel  may  he  compared  \?ith  the  total  on  the 
■span  divided  hy  the  num'ber  of  panels.    Those  simplifications 
are  adopted  in  determining  the  positions  for  maximum  shear  in 
the  second,  panel. 
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Shear  in  2nd  |)anGl 


Total  load 
2nd  panel 


Total  load  on 
span  -i-  numher 
of  panels. 


Load  1  in  panel 


"   2  to  right 


2  to  left 


10 
10 
30 


< 


y 


"7 


104 
5 

not  a 
max 

132 

a  max 

5 

132 

"Hnlike 
for 


the 


method 

.c. 


for  moments  it  is  seldom,  if  ever  necessary 
^^^  shear  to  try  pocitions  after  a  maximum  is  once  ohtained. 
For  ordinary  locomotive  loadings  this  need  never  "be  done. 

'""  "    '"  -  is  sim.pler  to  use  than  the  method  of  moving  up 

should^  hov/over  J  ^familiarize  himself  v/ith  the 
order  that  he  m.ay  gain  a  cleazr  insight  into 
the  loads  upon  the  structure. 


the 


This  method 
loads . 

The  student 
latter  method  in 
the  influence  of 


mzIMDM  MO!,^^!^!,    GIRDER  v/ith  FLOOR  BEM3 .   For  girders  v/ith 
floor  beams  it  is  customary  to  compute  maximum  moments  at  panel 
points  only.   If ^  for  any  reason,  the  maximum  moment  "bctv/ecn 
panel  points  is  desired  it  may  he  o'btained  v/ith  sufficient 
accuracy  hy  interpolation. 

For  uniform  live  loads  and  for  concentrated  loads  r.-hioh 
are  fixed  in  position  interpolation  gives  exact  results  since 
the  curve  of  moments  for  such  loads  consists  of  a  scries  of 
straight  lices ,   The  same  is  also  true  for  moments  due  to 
v eight  of  tho  floor  system,  "but  is  slightly  in  error  for 
the  v;cight  of  the  girder  itself.   For  a  system  of  moving  loads 
this  m.Gthod  is  somewhat  inaccurate  hut  is  on  the  safe  (Siue 
and  henco  ms.y  he  used  v/ith  security  .    This  is  shown  hy  the 
follo\/ing  demonstration , 


x&yl 


:t..9-ftrair 
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let  the  ordina.te  1)  A  represent  tlic  maximum  live  momont  at 
"b  due  to  a  concentrated  load  system.   For  tlic  position  produc- 
ing this  ma3:imum  the  moment  curve  for  the  portion  of  the  girder 
het^/een  "b  and  o  t/111  be  the  line  A  B^  Be  representing  the 
moment  at  c  for  the  position  of  the  loads  giving  maximum  mom- 
ent at  h.    If  the  loads  "be  nor;  moved  so  as  to  give  the  maxi- 
mum moment  at  c  we  sha|l  have  c  B'  and  b^'A'  as  the  ordinatcs 
for  momtnts  at,  c  and  h  respectively  for  this  ncv;  position  and 
B'  A'  will  he  the  momont  curve  between  b  and  c.    It  is  evident 
from  the  figure  that  interpolation  bet\7cen  the  maximum  moment 
at  b  and  that  at  c  will  give  a  safe  value  for  the  maximum, 
moment  at  any  point  in  the  panel,  since  the  lino  A  B  can 
never  rise  aboA'-e  A  B'  nor  the  line  B'A'  above  B'A,  therefore, 
the  ordinate  XZ'  for  the  moment  at  Z  can  never  be  less  than 
the  actual  maximum  moment  at  Z.   It  will  readily  be  seen  by 
drawing  an  influence  line  for  the  moment  at  Z  that  for  rcaximii.m 
moment  some  load  should  lie  at  cither  panel  point  b  or  c. 
that  the  moment  at  c  with  the  loads  in  the  position  necessary 
for  max.  moment  at  b  can  never  cxcqqC.   the  maximum  moment  at 
G  and  v;ill  almost  invariably  be  less  than  that,  and  that  this 
principle  holds  good  for  the  condition  vhcn  the  moment  at  b 
is  a  maximum.   This  proof  is  perfectly  general  and  applicable 
to  any  panel. 

.•50.  M0I!E1T  and  SHE.IR  at  CRITICAL  S?:CTIOE'.    The  cases  already 
>■    treated  have  been  for  shear  and  moment  at  stated  sections  of 
simple  beams  and  for  panels  and  panel  points  of  girders  v/ith 
floor  beams.   For  t]ic  latter  it  is  necessary  and  sufficient 
to  compute  shear  in  each  panel  and  moment  at  each  panel  point, 
since  thereby  the  maximum  values  of  these  functions  v/ill  be 
obtained,   For  beams  or  girders  v/hich  arc  not  loaded  by  floor 
beams  it  is  always  necessary  to  compute  maximum  values  of 
shears  and  moments,  and  in  addition,  for  long  girders,  the 
values  at  intermediate  sections  taken  v.'ith  sufficient  fre- 
quency to  ensure  a  good  design. 

In  order  to  determine  the  ma.ximum  values  it  is  necessary 
to  locate  the  sections  at  which  they  occ-ar,  that  is  the 
critical  sections . 

For  shear  the  critical  section  is  an  infinitesimal  dis- 
tance from  one  of  the  points  of  support.   This  needs  no  demon- 
stration, ae  an  inspection  of  influence  linos  for  various 
sections  Including  one  at  the  end  furnishes  sufficient  proof. 

For  moment  with  uniform  load  it  has  already  been  shown 
that  the  ma:cimum  momont  occurs  at  the  centre  and  equals  1  V/L^ 

when  w  equals  the  load  per  foot  a.nd  L  the  span. 

T7ith  a  system  of  concentrated  loads  the  maximum  moment 
may  not  occur  at  the  centre  though  the  critical  section  will 
he  very  near  the  centre.    To  treat  this  case  it  is  necessary 
to  make  use  of  the  already  established  principle  that  for 
maxim.um  moment  at  any  section  of  a  beam  under  u  system  of 
concemcrated  loads  one  of  the  loads  must  lie  at  the  section. 
If,  therefore,  it  is  possible  to  determine  the  location  of 
the  system  of  loads  as  they  cross  the  span  such  that  the  mom- 
ont at  tiny  one  load  is  a  maximum  the  problem  can  be  solved 
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^ 


by  trying  a  sufficient  number  of  loads  ^.nd  oomp-ating  blxc 
different  maicima.   Ac  will  appear  later  tlio  critical  section 
is  alv/ays  nesir  the  centre  of  tVj  span  licnoc,  as  a  rule,  those 
loads  only  need  be  tried  \7hich  are  found  to  give   a  raai-araum 
moment  at  the  centre. 

Consider  the  set  of  loads  shov;n  below  and  let  the  problem 
be  the  determination  of  the  position  of  these  loads  in  onler 
that  the  moment  at  P3  may  be  a  maximum.   Let  R  be  the  resultant 

of  the  loads  p,  to  P^ 

inclusive  and  n  its 
distance  from 
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^1 
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Pl 
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Kr 


Pig.  50  a 


R(n-V:>:) 


"7^^ 

^ 
A 


~   resrot 


ion 


the  last  load  P5 . 


let  X  bo  tlie  distance 
from  Pg  to  thu  ri'~ht 
support  "vhen  the 
loads  lie  in  the  pro- 
per position  for  majc- 
irnum  moment  at  Pr; . 


Then  the  moment  at  Pr-  i.^:  given  by  the  couation, 
(n|x)  f"  -. 

M3  =R \J.   ^  (c4dt3c)|  -  P^  (  a-rb  )  -  Pg  b 

Por  max.  value  of  MS  differentiate  v;ith  respect  to  ::  and  put 

the  first  dcrivatdve  equal  to  0.    This  gives 


dl>! 


.S  _ 


R 


1 


dr. 


-  n  T^l, 


c  -  d  -  2X 


,1 


Thorcforc,  in  order  to  find  the  maximum  moment  at  P3  as  the 

tc 

0 


loads   cross   the   s-fan  Pet  must   be   so  located   that 


or 


-n-^I-c-d-Ex 
Ii   -    (    CTd-/-  X    )   r:  n-fx. 


That  is,  the  re sv.lt ant  of  the  loads  on   the  span  vjhcn  the  maximum 
moment  at  Pg  occurs  mu.st  lie  as  far  from  the  right  support  as 
the  load  itself  lies  from  the  lei  t  support,  or  in  other  -.^ords 
the  centre  of  the  span  must  lie  L/.If  v/ay  bet".;een  the  resultant 
and  the"  load. 
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The  follo\;ing  c::aniplos   soi^e   to   illustrate   the   application 
of  this  principle ;- 

Prol) .    506.        Compute   absolute  niaicimun  moment  due   to   loads 
shovm   on  beam  in  Fig.    506 


If 


^ 


A 


10000 

(1) 


IOC  00 


Fi,^.    50&, 


In   this   caBc   tlior.;.   arc   t.'o   ooual  loads,    h>jnco    it    is    im- 
material \7hich  load   is   coor:id-..r..;d.        For  mavrirmm  momiv^nt   at 
load    (l)    the   loads   suould  lin  as   nhov/n   in  S^i^r.    50   c 


(i) 

lOCOO 

I 

if  4   1 '  'A 


<- 


i: 


(2) 
10000 


6'-^  S'-r 


vV 


2. 


-^ 


Pig.    50c 

the    centre   of  the    span  he in^  half  v/ay   'but''.;cen  load    (1)'    ond  the 
rosultant   cl'    the   tv/o   loads.        The  moment   at  t]:e   first   load  will 
then  be 


f6   -1 


1 


)^ 


(C 


20000 or   EOOOO 

IS 


10000 


_  33750  ft.  ]bs.  The  ma::imum  momont 
at  the  centre  for  this  beam  r/ould  bo  30000  ft,  lbs.,  h  nee  the 
absolute  ma:.:imura  moment  er.coods  ti'.c  ma::imum  centre  moment  b;/ 
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over  10  ^. 
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It  sliould  bo  particularly  noted  that  the  dGmonstration 
v/hlch  has  "been  given  only  rervcs  to  fix  the  position  lor  ma3c~ 
Imum  moment  at  a  given  load  \.'ith  certain  assumed  loads  on 
the  span,  and  that  if  a  different  set  of  loads  "be  on  the  span 
the  position  v/ill  be  different.   To  illustrrtc  this  con- 
sider the  same  loads  in  the  previous  examples  and  a  span  of 
10'.   There  arc  then  tivo  positions  of  the  first  load  \7hich 
give  maximum  moment.   First,  assume  only  the  first  load  on 
the  span;  in  this  case  it  should  be  placed  at  the  centre  and 
the  moment  would  bo  25000  ft.  lbs.    Second,  assume  tv/o  loads 
on  the  span;  in  this  case  tlie  centre  of  the  span  should  be 
half  T/ay  between  the  resultant  of  the  t\JO   loads  and  the  first 
load  and  the  m;iximum  moment  at  the  first  load  \7ill  equal 

1   2 
5  -  1-  ) 

20000 _  24500  ft.  lbs. 

10 
which  is  somev/hat  loss  than  -./ith  one  load  at  the  contre.   In 
such  a  CISC  the  length  of  span  can  easily  bo  determined  at 
which  one  load  at  the  centre  gives  a  moment  at  the  load  equal 
to  that  \/ith  t\/o  loads  on  the  span.    In  general  it  is  necess- 
ary to  consider  both  oases  v/hcn  dealing  with  two  loads. 

The  absolute  maximum  moment  on  spans  above  25'  or  30' 
doessnot  materially  differ  from  the  maximum  centre  moment  and 
in  practice  the  latter  is  generally  used. 

For  the  loads  previously   considered  v;ith  a  30'  span  the 

1 

.....■-  .  _.  (15  -Ig   )2 

absolute  maximum  moment  ^  20000 =  121500  ft.  lbs. 

30 
V7hile  maximum  centre 

12 
moment  -  20000  {--)  15  =  120000  ft.  lbs.  the 

30 
difference  being  about  1  percent,  this  being  so  small  as  to  be 
negligible . 

The  following  examples  servo  to  show  the  application  of 
this  principle  for  the  locomotive  loading  given  in  Article  45. 


^ 21      ^ 

Fig.  50d 
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,irst  determine  .lUoh  load  ox-  load.  ggo.a.i>^^»Jo^^^ 

at  tlic   centre,    ac   It   is  P^o^^^ic   ^^^^  ":'     ^   i       the   critGrion 
give  tlie  al^BOluto  mrxmm  r.omont  By  .^^^^  ^^ 

for  rnaxlmain  moment   loads  3   and  4:  arc  ;^uatiu.  ^ 

Mt   i?  is   oloar  that  the  centre  ^-^f •^*,^":^^.i°f  ^?  ?L  contro, 

otner  xoau-b.        -u^        t^„,„   p        c    inclusive    on  the    span.        inc 
at  load  5,    assuming  loads   2  ;, ^.  ^?.^ ;;!;'' v^   as   sho^rn   in  Fig. 50c 
TDOSition  for  maximum  moment  vill  then  b^   as   sno^u 
and  tlac  moment  at  load   (3)  v;ill  equal 


80000    (10-   -   1-    )'^ 
2  4 

21 


--      -20000  X   5  - 
E25950  ft.    Its. 


In  tills  case   it   is   impossible 

to  get  more  than  four  loads 

on  the   span  at  once.      If 

^rs^  '     three  loads  are  on  the   span 

Fig.    50e * 

the  resultant  ooincideB  with  ^of  ,,^^^--^/°^t%h?f  ™in?onfis- 
asBumption,    load  5  should  1^°/*  f  ^  °f  ^J^^of  a  maSimum  at   load 
tent  with  three   loads  hcing  on  ^^^^^J^^^^fSe   ohtained  and   the 
"^  v--ifh  onlv   three  loads   on  the    span  csaunuu    uc 
Ls"ooSorod  giYcB  the   absoluto  '^fl'^lj^'tcurs  «lth 

TViP  ma--imum  centre  moment  for  these   xoaaa   uuou.x 
cithor  Lad'mor  load   (4)  at  the  centre  and  equals  - 

00000  X   --     X  10  -        -   200OO  X   6  =  ESOOOO  ft.    lis. 
21  2  _(jf 

so  that  in  this   case  the   difference   is  only   2.7/.. 


^ 


ajr  0' 
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MOMEITTS  and  SHE.IRS,   FIOR  BEAMS  and  TIL1ITSVERSE  GIKDERS .   As 
a  preliminary  stop  in  the  cxaraination  Of  this  cr.sc  the  influence 
lines  shown  in  Pigs.  51a  and  6111  have  "been  dra^/n.   Those  arc 
influence  lines  for  stringers  reactions  on  floor-lDearns .  Since 
the  stringers  are  simple  teams  of  a  length  equal  to  one  panel 
and  arc  supported  at  the  ends  upon  the  f loor-heams.   It  is 
evident  that  a  load  moving  along  the  "bridge  caused  no  reac- 
tion on  a  floor  "beam  unless  it  is  on  the  stringers  in  one  of 
the  panels  adjoining  the  floor  teams  in  question.   Pig.  51a 
roprcsonts  the  stringer  reactions  on  an  intermediate  floor- 
team  and  516  on  an  end  floor-team. 


-1^ 

i 

^1/  _  J  _ 


■< 


Fig.  51a 


Influence  line . 
on  floor-team  at 


Reaction 


Fig.  5 It 

Influence  Line.   Reaction 
on  floor-team  at  d.(rnd  floor- 
team 


Fig. 


The  conclusion 
reaction  on 


It  v/ill  te  noticed  that  the  influence  line  shown  in 
51a  has  the  same  characteristics  as  the  influence  line  for 
moment  at  any  section  of  a  simple  end-supported  team,  hence 
the  demonstration  of  Article  46  is  applicatlo. 
may  therefore  to  at  once  dra\m  that  for  ma^cirnum 
an  intermediate  floor-team  one  load  must  lie  at 
that  load  must  tc  one  v/hich  v/hcn  placed  just  to 
of  the  given  floor-team  makes  the  average  load  per  foot  on 
stringers  in  the  right  hand  panel  greater  than  on  those  in 
the  left  panol,  and  -.'hen  placed  just  to  the  loft  of  the  floor 


the 

th 


team,  and 


right 


the 


.ev 


:■.,+ 


— --)ai.^~ 


Oxi. 


not: 


j^_.nL.._,:^ 


.^    L 
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■beam  i-'eve-.cses   this   condition  =        ITcr  the   end  floor-'beam,    the 
gYazimum  reaction,  occurs  -under  the    loading  giving  maxiDiain  strin- 
ger ri-action  anl  equals  that  reaction. 

it    r 0I!13 :^  ■'■' •■'    ■^'">    r>nnP!Trir>T    f:hp>    nr.  tTinl 

the  floor.' -bc;i 
due  to  stringer  r 


vO   consider  the  actual  moments  and  shears  on 
Curves  of  laoncntD  and  shears  for  a  floor  1 
actions  are  show.i  in  Figs.,  51c  ajid  51d. 


Eg  ^h 
a-H"b  4-0 


_  a-f-h-f-c 


Curve   of   floor-heaic    shear 


(2c-H))a 

afhfc 


■p- 


( Ea-Hh )  c 
af-h-rc 


Pig.    51d 

Curve   of  f loor-heam  r  oments . 

Both  shear  and  moment  are  direct  functions   of   tlie   stringer 
reactions.        The  maxiraum  unnient  must  occur  at  one  of  the   strin- 
gers,   since  the  floor  hear,',  ^s   in  the   cordition  of  a  girder  load- 
ed v.Hth  concentrated   load.'-      ^id    the   curve    of    shears   can  cross   the 
axis   only  at  a  load.        The   c-:.se  illustrated  is  an  unuarial  one 
since   the   stringers   are  uns;7Ji:2rietriGally    placed  v;ith  resjijec 
the  centre  of   the   floor  "beam.       V/ere   the 
the  inajciiiium  raowent  v;ould   exist   at  hoth  s 
hetyeen.        Since    in  the    actual  design- th( 
"berjn  v/ould  also  have   to  ho   considered    'chf 


and  dead  nior>:ent   for  the    ordinary   syr:r.r;cr: 


to 
floor   oeam  syriimetrical 
ringer  and  at  all  points 
dead   load   of  the   floor 
maximiua  comi^ined  live 
cal  floor  heain  occurs 


a 


the 


stringers 


in  ono   of   the   ad join- 
is  v;here  the   panel  is 


uiitj   centre. 

For  floor  heains  v;hcre  the 
ing  panels   are  not   of   equal  length,    thai 

a   3:>i:evj  panel,    special   treatment   is   necessary.      It   is  usually   ad- 
visahle   to  treat   this   case  "07^  rr.oans   of   in.?lu5onoe   lines  without 
the  attempt   to   apply   spcciSil  rales. 


6  f 


The  application  of  tlio  me'thods  just  given  to  the  determina- 
tion of  the  maximum  moment  and  shear  on  a  floor  heam  (or  a 
transverse  girder  sr.ch  as  a  cross  girder  in  an  elevated  railroad 
stracture)  v^ill  now  he  illustrated. 


15^ 


.  10' 


c\ 


'     Pig.  51g. 

The  floor  heam  "b  in  Pig  5le  is  the  one  to  "be  figixred. 
Its  length,  the  distance  hetx/een  stringers,  and  the  location 
of  girders  is  sho\/n  in  Pig.  51f . 

The  load  syrtem  to  ■':e  used  is  that 

of  Article  45. 


Stringers 


Girder 


/r  Girder 


Pig.  51f. 

Since  it  may  he  easily  seen  that  given  load  v/hen  equi- 
distant from  the  floor-beam,  h,  produces  greater  reaction  if 
on  the  longer  span  it  is  protahle  that  the  maximum  reaction 
in  this  oase  will  come  v;ith  the  greater  numher  of  loads  on 
the  15  ft,  panel  hence  let  the  loads  he  brought  on  from  the 
left 

Av.  load  per  ft.  on  right.  Av .  load  per  ft. 

on  left. 


Load  g  to  left 


2  to  right 
3  to  left 

3  to  right 

4  to  left 


10 
10 
30 
10 
20 
10 

4;0 

"io 

40 


/ 


/ 


60 

load  8 

15  does  not 

give  a 
60  max. 

15 


60 

load  S 

15 

gives 

max 

a 

40 

I-^ 
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load  ' 

1 

15 

does 

rot; 

give 

a 

max. 

p! ?*r T~:; j-*?-   '.si  n  1  .  s rtn   n  j-^: 
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Loac'L  3  at  b  ^iven   tlie  iiuiriinum  floor  be.'vc  reaction.        Itc  value 
is    '^iven  by    ':\e   ex'>re3Slon, 


5-f-lO                     lCV-5 
20  :z f  2C      

l.-^  15 


=  53 


Th?t  is,  tliG  reaction  on  tlie 
floor  beam  at  each  stringer  connection  er^iials  5C  >?0  lbs. 

The  floor  beam  is  then  in  the  condition  shovn  by  Pij.  51,^:, 


50C00 

lbs. 

5'!000  11)3 

• 

h 
t 

/ 

11..^ tL_ 

1 

50000  lbs. 


SOr-^O  lbs. 


?i.' 
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The  raa::irnum  shear  —  5J'".  OC  lbs  <:nd  the  mav;imum  luoiiient  =a 
2000CC  ft.  lbs. 

Before  concltiL'.ln';;^  this  aiticle  the  bG2;i'iner  shoiilC.  be 
cautioned  to  avoid  the  mista'  e  frequently?  made  of  do'-'blinr- 
the  ma>.im\\m  reaction  on  one  stringer  i;o  determine  the  floor 
beam  load  at  a  point  such  as  K  in  Fig.  51g.   The  fact  that 
the  masiimum  reaction  on  a  stringer  occurs  .hen  one  of  the 
heavy  loads  lies  at  the  end  of  the  stringer  is  sufficient  to 
sho\?  that  the  same  conditions  cannot  e::ist  on  the  next  strin- 
ger becauv-oe  such  a  condition  ^'0uld  necessit.^te  having  t'v/o 
Viheel  loads  occupying  piaotically  the  same  place  at  the  same 
time . 

MOl'TUT  DIAGRA,?'^.   To  save  repetition  of  computations  for  a  given 
set  of  concentrated  loads  ViLen  used  for  vai-ying  soans  it  is 
customary  to  einploy  a  moment  diagram  u  ion  v.hich  certain  quanti- 
ties frequently  required  and  unaffected  by  the  length  of  s  lans 
are  placed  once  for  all.   Upon  this  diagram  the  loads  are 
plotted  to  a  convenient  scale  at  top  and  bottom  of  sheet  for 
conveiiienoo  in  reading,  and  the  quantitie:-  desired  are  placed 
bet\,een.   The  diagram  Is  used  in  connection  'ith  another  sheet 
upon  v/hioh  the  span  is  dra\;n  to  the  scale  used  in  plotting  the 
loads.    The  diar^ram  sho\m  in  Fig.  51a,  is  of  a  convenient  form 


lor  use 
tory . 


though  less  comprehensive  t.an  some,  and  is  self-erplana- 


The  use  of  the  diagram  can  be  readily  understood  from  the 
simple  eicample  that  follo\/s.   "et  the  problem  be  to  com:.;ute 
the  moment  at  the  second  panel  point  from  the  left  of  a  S)an 
having  5  panels  'i"^  20'  ;;hen  load  8  is  at  the  given  panel  point. 
!Place  the  plotted  span  on  its  separate  sheet  so  that  load  8 
is  over  paviel  point  2;  the  encs  of  the  span  \;ill  then  be  in  the 
positions  sho"  n  at  bottom  of  diagrams.   Since  the  desiref. 
moment  eou.als  the  moment  of  the  left  react ioi.  due  to  loads  2  to 


-*  TV 


'f.O 


17  inclusive  alsout  load  8,  minus  the  moment  of  loads  2  to  7 
inclusive  about  the  sane   point,  it  is  necessary  to  oomoute 
these  t'./o  quantities.   The  moment  of  the  left  reaction  equals 
the  moment  of  the  loads  on  the  span  about  the  right  reaction 
divided  "by  5  panel  lengths  and  multiplied  by  2  panel  lengths. 

2  2 

This  equals  -   13589-990  i-  f271-10}x4  ==  -   13643  -5457.2 
5  5 

The  moment  of  loads  2  to  7  inclusive  about  panel  point 
2  =  2851  ^  ia::43  =  2421. 

Hence  the  moment  desired  rr  5457.2  -  2421  =  3036.2  e:c- 
pressed  in  units  of  thousands  of  pounds  per  rail  or  tons  per 
track. 

This  method  involves  the  application  of  the  principle 
stated  in  article  34  \7hich  should  be  thoroughly  understood. 


rn^  ff  ft 


■/  iii  u' 


■■>a 


5^ 


Moment    Diagram     —      CoofEiR'S  El^o  Loco*^OT/V£U. 


IlI 


13.  SB' 


/|3      13        .3    13 


2/.  -42  >]    Distance  To  r^suffitnt  of  /t>9^s  C  /i>  /O  /hc/us/'f^- 


a     1^  la 


~Se'  6^'    S9'     74     73'  88      5i'      3?      i^' lia'     Cslhn^^s  fhom  LoaJ  I. 


r/s.    S2 


/fe  /efi)  say  6  fd  /3  /nc/cs-/ye,   f>i~ocee</ ss  fi>//oyYS :-   F/n<^  /'n  c/is^r-^m,  momsnT' Siioc/f' /■^  o^f//  /era's  ^ 
/efT;    swAfnscf'  fi-om  /T moment  sAou/~  S  t^ s//  /os</s^  ^  /sff"  of  S /a/us  /^e  pz-otA/cT of  /i^s  •rt/mof/os(A 
/  ^  S  /rrc/c/s/i^e  anc/  c//sT&nce  fr^frr  /o&e/  S  7h  /oat/  A^.       The  r^su//'  y^///  jbe  /^e  </<^s/rci/ ntome^fr 
The  sx/oress/'on  tficis  oitsinec/   =  8728-  [830  +  30  xSeJ  =  2858       The  momsnr  tf  t^e  same  /aac/s  s/xuf- 
a  point  iefnreen  /4  anc/  /£"  sm/  <//s/!>nf  X  f:  from  14  can  £s  fitnc/  &y-  sc/c/iha  /a  f</onf?yy  jcrst oiT»/ne</  /^ 
produof-  <f  Ifie  scm  of  /fie  /o3t/i   S  to  /3  sne/  /Ae  e/Z^s/sncs  X .         5ee  Artic/e  34-. 
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CHAPTER   iv. 

DEGIGH  OF     K:M^.B  Aim   GIKDEHG. 

BEAI'I  FOH^IIILAS.        In   or" or    ':o   a.eteriiiine    'oaie   proper  size   ox 
bec.rflc   to   carry   given   e:iternal  "beudiug  momontc   .':id   sliears    it   i? 
neoecsary   to   rc/lcG  use    of   Tormulas   oicpressing  the   relction  "be- 
t\/een  the   outer  and   ln;:er  forces.        Such  fonaulas   are   rec'iiccc. 
in  all   standard  "boofe   on  I-echanics  and  are   as   follows   for 
"beams   of  honof^eneous  material  of  ordinary  proper  c ions . 

f  I 

M  = 53a 

V 


and     V  =  ---  BS'b 

t  I 

In  fiese  forrculas 

M  =  mii:cimum  allov/aljlo  e::ternal  "bending;  moment  in  inch 

lbs.  at  a  given  cross  section  of  bhe  "beam. 
S  =  ma:cimum  allov/ahlo  eritornal  shear  in  Ihs .  at  a 

given  cross  section. 
I  =  moment  of  inertia  in  inches  4  of  given  cross 

section  ahout  its  neutral  a::is . 
y  =  distance  in  inches  from  neutral  a::is  to  e:-:tremc 

fibre  of  the  cross  r-iection. 
Q  =  statical  moment  about  the  neutral  a:cis  of  that 

portion  of  the  cross  section  lying  betr/een 

the  neutral  a;-is  and  the  outer  fibre. 
V  =  allo-,:ablc  intensity  of  the  longitudinal  shear 

per  square  inch, 
f  =  allo\/able  direct  stress  (in- beiidinc; )  per  square 

inch  in  e::trerae  fibre, 
b  =  width  of  beam  at  neutral  a::is. 


By  properly  applying  these  forimilas  it  is  possible  to 
design  beams  for  \/hich  the  ma;:iriii:i.m  moments  and  shears  are  ]v.nov;n, 

54   BEAI'/I  DESIGTT.   Frequently  the  design  of  beams  requires  merely 
the  application  of  the  formula     f  I  ,  and  the  shearing 

11   -  

7 
strength  need  not  be  considered.   In  the  case  of  comparatively 
short  beams,  hov/ever,  the  sheering  resistance  becomes  more  im- 
poitant  ^nd  should  bo  investigated.    I)i  v;ooden  beams  this  is 
especially  important,  since  the  re-'^i "stance  of  \/ood  to  longi- 
tudinal shear  is  small  and  such  beams  may  f.;il  by  splitting 


xLSiV. 


9f ' 


3^-'i:    : 
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longltuc'.inally  .        As    ./oodon  beams  are  UGually   rectangular   in 
crdnc   section  the   foi-mula  f  I     may,    for   a  rectancjiilar  "beani, 

y 

"be  put  into  the  form  M  «=  l/6  f  To  h^  in  \;hich  h  =:  .'idth  of  heo.m 
.in  inches,  h  =  height  in  inches,  anr".  f  =  allo'./able  unit  stress 
in  e::treme  fihre. 

ST: 

The  formula  V  — may  also,  for  rectan-'jular  heans,  "be 

hi  3  S    3S 

put   into   the   iollo:;ing  simple  form;     Y  = =  —  i-.hero  A  = 

2hh  2A 

area   of  cross   section   in   square   inches. 

56     V/OQDEl  BEAITS.      In   selecting  i^ooden  heams   care    shonlcl  ho   to2:en 
to  use   commercial  sizes   onlj? .      The  follov-ing  tahle  gives   such 
sizes  ;- 
Spi-uce 

2  z  3,  2':4,  2::5,  2Z6,  2_':7,  2::8,  27.9,  2:-ii'^,  2712. 

3  Z  4,    3::6,    3"7,    3Z8,    3.T9,    3Z10,    3^12. 

4  "   4,    4Z6,    4::8,    4Z9,    4Z10,    4Z12. 
6   Z    6,    6*^6,    6Z1C,    6Z12. 

8   Z   8,    8Z10,    8.-'"12. 
10  X   10,    10  Z   12. 

12  ft.  to  22  ft.  length  are  ordinary  lengths. 

23  ft.  to  26  ft.    "    "   less  coinnion . 

27  ft.  to  32  ft.    "    "  obtained  ..ith  difficulty. 

also 


Yellov;  Pine, 

Sizes 

about 

the  same  as  for  s^^ruce. 

2  Z  14,  2  Z 

16,  2 

Z  18 . 

3  A  14,  3  Z 

16,  3 

Z  18. 

4  Z  14,  4  Z 

16,  4 

Z  18. 

6  Z  14,  6  Z 

16,  6 

Z  18. 

8  Z  14,  8  Z 

16,  8 

Z  18. 

10  S  14,  10 

Z  16, 

10  Z  18. 

12  Z  14,  12 

Z  16, 

12  Z  18. 

14  Z  14,  14 

Z  16, 

14  Z  18. 

16  Z  16,  16 

-  18. 

18  Z  18. 

lengths  are  longer  than  for  spruce  and  run  up  -^o  40  ft.  and  it 
is  usually  possible  to  obtain  even  50  ft.  to  6C  ft.  lengths 
e;;copt  for  the  largest  sizes. 

The  cost  of  ^.•ooden  beams  depends  upon  the  jrioe  of  lumber 
per  board  foot.   This  is  subject  to  considerable  variation, 
and  if  a-oioso  estimate  is  desired,  a  dealer  should  be  consixlt- 
ed . 

STEEL  BEAI^/fS.   These  beams  are  alv;ays  made  in  an   I  sZaped  form 
in  order  to  obtain  a  large  moiiient  of  inertia  from  a  comparative- 
ly small  amount  of  material.   They  are  rolled  from  a  solid 
piece  of  stool  in  varying  heights  and  thic]:nesses . 


>.  w!  <A  > 


5  a 


87. 

In  sclcoting  such  bcrms  the  mamiracturoro '  handbooke  Dhould  to 
consulted,  and  sections  marked  "standard"  chosen  since  the  se- 
lection of  a  "special"  section  is  likely  to  cause  delay  in  fill- 
ing the  order.    These  hc.nclhooks  give  all  the  properties  Ox  the 
"beams  such  as  area,   '-.eight,  moment  of  in.  rtia,cto . ,  and  may  ho 
relied  upon  as  acourato. 

The  cost  01  steel  "beams  is  dependent  ujon  the  weight  of 
the  "beam,  and  ui)on  tlic  amount  of  punching,  riveting  and  other 
v;ork  \7hich  has  to  "be  done.   The  price  i:^  usually  figured  on  a 
"cent  per  pound"  "basis,  the  price  of  the  unia"bricated  "beam  "being 
tr.]:en  as  the  base  price,  and  the  other  prices  being  added.   Cthcr 
things  being  equal  the  lightest  beam  \;ith  the  rDqulsite  strength 
and  stiffness  is  most  economical.   The  base  price  is  pviblished 
from  time  to  time  in  such  engineering  papers  as  fiic  "Engineering' 
Hews",  "Iron  Age,"  oto.,  e.g.  in  the  Engineering  Hows"  of  Doc.  2, 
1909,  the  f  .o.b.  Pittsburg  price  \ias   qiioted  as  1.55  cents  per 
pound  for  3"  to  15"  i- J)eamfi9and  channels  and  1.60  cents  for  depth 
greater  than  15".   The  freight  rates  for  carload  lots  from 
Pittsburg  as  quoted  in  this  same  issue  \7cre  a-s  follows;-  To  "Jov/ 
York  16  cents  and  to  Boston  18  cents  per  ICO  lbs.   This  price 
is  for  beams  cut  to  length  \/ith  a  variation  not  to  oxoccd  3/8" 
more  or  less  than  specified.   For  cutting  to  more  exact  length 
and  for  other  work  the  follo\-ing  schedule  adopted  in  January  1902 
gives  the  e^rtra  cost. 

1.  For  cutting  to  length  v/ith  less  variation  than  plus  or  minus 

5/8P   .15  per  100  lbs. 

2,  Plain  punching  one  size  hole  in  \7eb  only-0.15  per  100  lbs 
2.     "      "      "    "   "   "  one  or 

both  flanges-  0.15  "  100  " 

4.  Plain  punching  one  size  hole  in  either  v;cb 

and  one  flange  or  web  and  both  flanges-  0.25  "  100  " 

5.  Plain  punching  each  additional  size  hole  in  either 
web  or  flange,  web  and  one  flange,  or  v/eb  and 

both  flangos  -  0.15  per  100  " 

EXAIIPLES  OP  BEAI'!  DESIGj?. 


Problem.  Design  \yooden  and  f 
Beams  to  bo  supported  at  ends  and 


tiniform  load  of  1000  lbs 

be  those  given  in  Article 

to  be  added  for  the  steel 

Maximum  moment  Is  at 

1  1000.  12 

8 

Maximum  shear  is  at 


teol  beams  for  12ft.  span 
to  be  loaded  with  a  total 
Allov/able  unit  stresses  ' 

50^0 


per  ft . 

19  for  steel  and  yellow  pine 
beam  to  allow  for  impact, 
centre  of  beam  and  equals 
12  =  18000  ft,  lbs. 


For  wooden  beam  M 


end  of  beam  and  equals  6000  lbs . 
-  f  b  h^  /.  18000  2  12  =  -  1300  h^ 


bh^  ~   997 


8 


Either  an  8"  x  12",    6"  x  14"  or  4"  x  16"  beam  has  a  value 
of  bh^  greater  than  that  required  and  may  be  used. 
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T   -  -1  V   -  1  on  «  18000 

V  ~  120,             s  =  fionn   '  A  _                 —  «r. 
2A  ,  o  =  buuu  .,  A  = 75  gg^    inches 

240 

Should  be  chosen  if  conditions  permit       nd    if   ^f''''^""^  ^'^^ 
braced  against  loteral  deflection  Tf^'?^"     i  °^''  ^^  ''"'^^ 

cured  late.^ally   the   8"  5  12"   JhnT^i'^   y.        ^^  ^"^"^  ""^^  ^°  "■   '^^^    ^e- 
should  alwa^'s   he  vert Ir?!    In-.  ^  ''^®'^'        ^^^'°  loago-  side      ' 

ing  for  lis         Wn^r.i  ^^  ^r  eoorromy  and  was   so   assurter:  :,r   sn-iy. 
if   laid  mt.  '    °^  *^'   ^°^^"   selected  would  he   stro:.g   enough 

the  react ?ons'wfrnniff^v°  f  ^?^^S\^^*  "^°°   ^^  confuted,      if 
t.ero  would^L^^?ged!||!^  ^^t^^^  ^^'^1/^^^ 

i^Ss?'^'?^^^^°5  l2?l?j^  ^^.?^^?^   *%*^i^'    ^-i-g  345    sq. 

or  say   6"   iver  the   ahutmeS?.  '  ^^orofore  need  to   e.rbendg4.5" 

6 
^ov  the   steel  hoam  the 

moment  after  allov/ance  for  1        070^0  -^  10 

'^^^^^   '"  27000  ft.lhs.    -  ^  ?!???_■:_ L'  ^20.25 

y      16000 

for  TarLns™  ™f  a^^'l't.en  ^^^^^o"™. -otaliis  •     Value  of  this 
steol  KAJ^js     an,l  ?',»  f , !>?     ?  v*"'  Handbooks   Issued  by  different 
greater  ti:a^'tSf„w'jfi^!!*i!f"'^?^-^°S  a  modulus  o,ual  to   or 


greater  tlian  the  ahoTf.  fT^v.;   .i    T/C^'-^S  a  modulus  equal  to   or 
Selp-hlnff  t?^i^"     aoOTO  fiorure   should  be  selected.     A  10"   I  beam 
A  9"     eI  1-0     br.'/?J     1-    ^^^I-ly  strong  and  v,lll  be   chosen  ' 

expensive  as  the   iS"  ?e^  L^S?t'Sr«^   *"^.^=  *"^   ^^   ^ust  as 
bo  selected  nro?!^^?   Si??  !  ^°  f*^o=e  the   10"  beam  should 

Shallower  beam?  conditions  do  not  require  the  use  of  a 

than  lor  a're=tS"lL°?eaS'''  xTl,?,   I  """^  'l  "'^^  complicated 
required  In  tifC^b^^ ^bl '^--f  ^^i^^^iZ  S^gf^ 

ar.4-         T  12000 

?s  evwtnlly*BtroL':Z?flo*f  '"  f?"  '?  ^^"^^  "^  *"^   '^  *cam 
used  with  saflty?  ^  ''  *"  ^''°^''  ^""^  '^°''C«  ""^y  1"= 


<  9.(^3  d    8fi 


--.    T 


Ui.:E;u; 


•d  zua  "JO 


^.ii-fc.  i.'- 
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Problem.  Pesign  wooden  -  and-  ste-el  "beams  for  span  and  loads 
shovm  in  i'ig  57.  Track  weighs  400  lbs.  per  linear  foot  per  track. 
Allow  E5  percent  for  impact.  Use  unit  stresses  given  in  Article  19 

\7h.eel  loads.  . 

100000  lbs.   10000  lbs.      10000  lbs.       10000  lbs. 


l_-___l. 


15 


\1/ 


M/ 


^ 


12 


.)fb 


Fig.  57. 


Jlssume  dead  weight  of  beam  as  40  lbs.  per  foot, 

then  total  dead  load  per  linear  foot  for  one  beam  =  E40  lbs . 


Maximum  moment 
1 
3«»ad  =  -  240.12.12 
8 

(6-1.25)2 

live  =  20000 =  37600 

IE 


Impact  z: 

Total  moment  = 


Maximum  shear 

=  4300  ft. lbs.  Dead   240x''fc>  =  1440  lbs. 

19 

live  lOOOOx--  =  15830  " 

12 

Impact        =  3960  " 

Total  shear=  21230  lbs. 


9400  " 
51300  " 


1    51300x12 

Por  steel  beam  -  r=  i=  38.6 

y     16000 

21230 

Area  needed  for  shear  =  =  1.77  sq.  inches. 

12000 
A  12"  1-40  lbs.  is  large  enough  for  bending  and  as  it 
has  a  v/eb  area  of  6.72  sq .  inches  its  strength  in  shear  is  far 
greater  than  necessary. 

As  the  actual  weight  of  the  beam  equals  that  originally 
assumed  no  recomputation  is  necessary.   A  considerable  error 
might,  however,  have  been  made  in  the  original  assumption  without 
requiring  a  recomputation  since  the  moment  and  shear  due  to  the 
weight  of  beam  is  a  very  small  percentage  of  the  total  moment 
and  shear. 

1       g 
For  wooden  beam  neglecting  impact  41^00  x  12r-  ISOObh  .\bh2=  2310 

6 
3  17270 

Area  needed  for   shear  = —  9|;§  fii^.  <foohes 

2      120 


:.ti 
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One  beam  14"x  16"  with  16"  side  vertical  fulfills  "both 
•:requiremetits  and  v/ill  "be  chosen.   Its  weight  is  somev/hat  in 
excess  of  that  assumed  tut  as  its  strength  is  also  in  excess 
of  the  requirements  no  revision  need  "be  made, 

58.  COMPOSITE  BEAMS,   The  cases  just  treated  are  of  simple  teams 
only,  hut  it  sometimes  happens  that  composite  teams  are  used, 
as  for  example  a  f litched  team  where  tv/o  wooden  teams  and  a 
steel  plate  are  tolted  together  and  used  as  one  team,  Another 
case  is  of  two  teams  of  unequal  size  laid  side  ty  side.  For 
this  case  and  for  the  flitched  team,  the  load  carried  ty  each 
is  in  proportion  to  the  product  of  its  moment  of  inertia  and 
modulus  of  elasticity  and  can  te  easily  computed.   Another  case 
which  should  te  noted  is  that  of  one  team  laid  .at.   the  top  of 
another,  tut  not  riveted  to  it.   Such  a  team  is  of  slightly 
greater  strength  than  two  teams  laid  side  ty  side;  the  a3-di- 
tional  strength  is  due,  however,  to  friction  tetween  the  beams 
and  should  te  neglected  in  design.    If  the  teams  are  riveted 
together  with  a  sufficient  numter  of  rivets  to  carry  the 
longitudinal  shear  existing  at  the  plane  of  contact,  assv.ming 
the  team  to  te  solid  they  may  te  figured  as  one  team  of  a 
height  and  cross  section  corresponding  to  the  comtination. 
Reetforoed  concrete  teams  form  the  most  important  class  of 
composite  teams.   These  v/ill  te  discussed  in  another  portion 

of  this  took. 

59.  STIFFHESS.   Beams  are  seldom  used  for  tridge  spans  longer  than 
30'  since  atove  that  span  the  ratio  of  length  to  depth  is  so 
great  that  the  deepest  team  made,  a  30"  I  team,  lacks  suf f i- ' 
clent  stiffness.   For  tuildings  longer  teams  arc  admissitle, 

■  tut  the  length  should  generally  te  restricted  to  twenty  times 
the  depth  for  floors  and  less  than  that  if  the  floor  te  sut- 
jected  to  vitration  and  shock.  .  In  roofs  somewhat  longer 
teams  mr.y  te  used.   TThen  the  teams  are  not  supported  later- 
ally the  ratio  of  length  to  width  of  the  compression  flange 
should  te  considered  and  the  allowatle  unit  stresses  reduced 
accordingly.   A  common  rule  is  to  make  no  reduction  in  allow- 
atle stress  when  the  ratio  of  unsupported  length  to  width 
does  not  exceed  2C,  to  take  half  this  stress  when  the  ratio 
is  60,  and  proportionally  for  intermediate  lengths. 

60  I'LATE  GIKDERS  DEFIIED.   For  lengths  greater  than  are  admissitle 
for  steel  teams  or  v/here  teams  of  sufficient  strength  cannot 
te  ottained  of  other  types  of  structures  must  te  adopted.   Of 
these  the  plate  girder  is  the  next  higher  form. 
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A  plate  girder  is  essentially  an  I  team  made,  not  out  of 
one  solid  piooe  of  metal,  "but  out  of  a  number  of  pieces  rivet- 
ed together.   Fig.  60a  shows  a  typical  plate  girder  v/ith  the 
different  parts  named 


Q^.nitD-'^ 


\ 


Depth  hack  to 
hack  of  Z  s  us- 
ually made  l/s" 
greater  than 
depth  of  v-'eh 
to  ensure  that  edges 
of  v;eh  vill  not 
project  heyond 
the  hack  of  flange  l^s 
and  there  interfere  .• 


Cover  plates 

^•'cr-Afli^^^;!..--'  Flange  or  chord 
!      Cover  plates,  ^and 

Z.3  comhined  make  the 
flanges .   In  soma  girders 
cover  plates  are  not  used 


flange 


'ith  coyer  plates   f1;#-::__-^^=* 


Weh  plate 
Eievts 


Pig.  60a. 

Cross-seotion  of  a  Plate  Girder. 

Plate  girders  are  rarely  made  of  greater  depth  than  10'- 
6"  owing  to  difficulties  in  transportation  hy  rail,  and  a 
length  of  100  ft.  is  seldom  exceeded  for  the  same  reasons 
although  girders  of  185  ft.  in  length  have  heen  made  and 
shipped  in  one  piece.   Occasionally  plate  girders  are  made 
in  sections  and  spliced  in  the  field  hut  this  expedient  us 
not  common  and  shou!J!!d  not  he  adopted  except  to  meet  some  un- 
usual condition. 

Plate  girders  are  sometimes  made  v/ith  more  than  one 
weh  as  indicated  in  Fig  60h.   Such  a  girder  is  called  a 
hox  girder.   Its  principal  use  is  for  situations  where  great 
strength  v/ith  limited  depth  is  required. 
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Fig.  60b. 

Bo-  Girder . 

61       PL.'\.TE  GIRDER  V/EB  THEORY,   Plate'  girder  vrebs  arf  propor- 
tioned on  the  assumption  that  all  Ihe  transverse  shear  is 
u!ii-rorraly  distributed  over  the  net  area  of  the  web,  v^hich  may 
be  taken  as  3/4  the  gross  area  \Tithout  material  error.   That 
this  assumption  is  essentially  correct  is  ahcfwn   by  the  follow- 
ing demonstration: 


J 

■ "      .            Ill       ^ 

h-z 



' 

^ 

' 

• 

t--..^;:    ^ 

Fig.    61a, 

In  Fig.  81a  th^^^  figure  abed  represents  an  elementary 
prism  in  the  \Teb  of  a  plate  girder.   Assume  this  prdsm  to  be 
so  small  that  no  appreciable  error  occurs  by  assuming  as 
equal  the  direct  stresses  on  the  tvro  opposite  faces.   The 
forces  acting  upon  the  prism  \riii  b*  the  direct  fibre  stresses 
on  the  faces  ac  and  bd,  and  shearing  stressr.s  on  all  the  faces, 
It  is  evident  that  in  order  to  satisfy  the  equations,  JTV  =  0, 
and  ril  =  0,  thf;  vertical  forces  must  be  equal  and  opposite  in 
direction,  and  the  same  relation  must  exist  between  the  hori- 
zontal forces.   This  condition  is  shovm  in  Pig,  6lb  in  vrhich 
the  forces  shovm  are  the  total  forces  acting  on  the  respect- 
ive sides. 
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In  order  that    .  may  =  0  tlie  rnoraent  oi'  the  horizontal 
forces  must  equal  the  moment  of  the  vertioal  forces,  from 
v/hich  it  follo\;s  that  the  intensity  of  the  shear  at  any  point 
upon  a  vertical  plane  passing  throxigh  the  point  equals  the 
Intensity  of  shear  at  the  same  point  upon  a  horizontal  plane 
pas  s  ing  through  the  po  int . 

This  may  he  demonstrated  as  follo\:s. 

Let  t  =  thicltness  of  \/eb. 
"  S,  =  intensity  of  shear  on  the  horizontal  surface 

"  Sy  =  intensity  of  "    "   "  vertical      " 

"  unity  =  length  of  the  sides; 

Apply  the  equation  £  S  =  C  about  one  of  fche  corners. 


Then  (Sj^  t) 


(1)  =,  (S^  t)  (i; 


\  Sh 


Sy  Q.E.D, 


Since  the  intenoities  of  the  vertioal  and  horizontal 
shears  are  equal  it  is  evident  that  the  distribution  of  the 
vertical  shear  can  be  determined  by  the  application  of  the 
formula  for  the  intensity  of  the  horizontal  shear,  viz: 

S  Q 
V  ~ ,  from  \7hioh  it  at  once  follo\/s  that  the  assumption 

b  I 
of  uniform  distribution  of  the  vertical  shear  over  the  \.'eb 
is  nearly  correct  since  T,  is  the  only  vertioal  in  the  equation 
affected  by  the  distance  from  the  neutral  a2:is ,  and  its  value 
changes  much  more  slowly  than  does  the  distance  from  the  arcis. 
The  numerical  e::amples  given  in  Article  64  sha;/  the  degree  of 
appro::imation  of  this  assumption  for  certain  typical  girders. 


In  many  girders  the  thic'-ness  of  the  v/eb  is  determined  by 
a  reasonable  restriction  upon  the  rainiii^m  thickness  imposed 
to  prevent  un^ue  corrosion.   For  railroad  bridges  it  is  common 
to  siiecify  that  the  web,  shall  not  be  less  tlian  3/8"  thick  and 
this  thicloaess  often)^^:^dessive  strength.   In  consequence  the 
necessity  for  a  precise  formula  for  the  thiclaiess  of  webs  is 
less  t}ian  for  other  portions  of  the  girder. 

PLATE  GIKDER  FLAITGES.   THEORY.   The  ordino.ry  beam  formula  H  = 

f  I 
applies  to  girders  as  well  as  beams.   It  is,  ho-',.ever, 

y 

an  i-iconvcnient  forp  for  use  and  is  replaced  in  practice  by 


94 

a  less  accurate  "but  more  easily  applied  formala.   The  lormala 
recoEomended  for  flange  design  is  as  follows  ;- 

M    I 
A  = t  h,  6E 

fh    12 
In  the  application  of  this  formula  the  tension  flange  is 
designed  and  the  compression  flange  made  like  it. 

The  nomenclature  is  as  follo'.;s;- 

A  =  area  in  square  inches  of  tension  flange  (through 

rivet  holes . ) 
h  =  distance  in  inches  betv;een  centres  of  gravity  of 

flange . 
f  =  allowable  unit  stress  in  bending. 
t  =  thickness  of  v/eb  in  inches. 
h  ~  depth  of  v;eb  in  inches. 
M  =  maximum  bending  moment  on  given  section  in  inch 

pounds . 

In  the  derivation  of  this  formula  the  following  addition- 
al nomenclature  \;ill  be  used. 

I  =  total  moment   of  gross  cross   section  about  neikjbral  axis, 
Aj=  gross  area  of  each  flange, 
hg:::  depth  out-to-ou.t  of  flanges. 

iQ.g.  »  moment  of   inertia  of  each  flange  about   its  own 
centre  of  gravity . 
The  following     equation  for  I  may   now  be  written. 
I  =  21o.g.^EAi      /hf     4.  1^     t  hi^ 

The   term,    21^        is  small  in  comparison  with  the   otlier 
terms,    as  \/ill  be   show^n^ater  and  may  be  omitted  v/itho-ttAc  sef^Ctms 
error,    this  being  on  the   safe   side.        In  consequence  the  value   of 
I_     may  be  written  thus 

y 

2A^h2  1  g 

-j-    „      "t  i^-,  g 

I       _  4  12  Ajla^  1        thT 


X 


i-    - 


'1 


y                                  ^2  ^2                 ^       ^2 

2 

I       11         M         A.h^  1     th."' 

But      -  =  -    /.    -   -  — i—  -f    i- 

y       f         f           h2  ^       ^2 

M,    hg        1  th^        h         M     h2        1     th-j_^ 

hence  A^      r:       -'---._  --i_     --^=     _     __        -     --_- 

■'■              f     h2        6  ho            h^'       f     h"^        6       h'^ 


n  Ifi 
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In  ordinary  girrtsrs  tho  value  of   h  is  seldom  larger 
than  that  of  h^  rmile  it  is  usually  considerably  smaller.  • 
If  hi  be  assumed  equal  to  unity  the  last  term  in  above  equa'- 


tion  vrill  therefore  ordinarily  be  less  than  its  true  value, 
fh 


?)-i*'^^(l) 


This  term  in  all  ordinary  girders  is  small  compared  with 
the  terra  involving  M.  and  the  slight  change  in  its  value  by 
the  abovs  approximation  v/ill  affect  the  value  of  A  but  little, 
and  that  on  the  safe  side  since  it  reduces  the  value  of  the 
negative  t^rm.  This  approximation  will  therefore  be  made. 

hg 
The  afisuraption  that  —  «=  unity  will  also  be  made.  This 

h 
is  on  the  unsafe  side  since  h  is  always  less  than  hg  and  to 

assume  it  equal  gives  a  smaller  value  for  A^  than  is  needed. 
The  error  in  making  this  assumption  is  largest  in  shal- 
lovr  gird.ers  having  large  flanges  as  may  be  seen  in  the  numer- 
ical examples  given  later. 

By  milking  the  above  approximation  the  formula  becomes 
U        1 

fh   6    ^ 

Por  material  in  compression  it  is  customary  to  make  no 
deduction  vrhatever  for  holes  since  it  is  assumed  that  the 
rivet  which  is  driven  v^hile  hot  and  ordinarily  imder  high 
pr^issure  fills  the  hole  so  completely  as  to  become  an  inte- 
gral portion  of  the  material.   This  is  open  to  som-  doubt, 
for  material  of  considerable  thickness  or  for  hand-driven 
rirets,  and  may  be  vitiated  at  any  section  by  a  loose  rivet, 
but  for  most  cases  this  assumption  is  probably  a  reasonable 
ons.  For  sections  in  tension  full  allovrance  for  rivet  holes 
must  be  made  since  und«r  no  circumstances  can  tension  tv 
transmitted  through  a  rivet  hole. 

Th?  last  term  in  formula  61a  represents  the  bending  re- 
sistance of  the  gross  web.   In  the  v-rebs  of  girders  there  are 
usually  vertical  rows  of  rivets  for  the  connection  of  other 
girders  and  stiff ener  <  s  and  as  these  may  occur  at  the  sec- 
tion carrying  maximian  moment  they  must  be  considered. 

•  Most  specifications  forbid  the  use  in  design  of  a  value  for 
h  greater  than  hj  even  if  it  actually  exists.   It  is  good_ 
practice  to  proportion  girders  so  that  such  a  condition  vill 
not  occur. 
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To  allow  xor  these  rivet  holea,  it  may  be  assumed  thSt  a 
vertical  rov;  of  holes  one  inoh  In  diameter  and  2-3/4"  apart 
may  occur  in  the  tensicn-half  of  the  ueh.   This  '.;ould  de- 
crease the  moment  of  inertia  by  £/ll  approximately,  thus  mak- 
ing the  last  term  in  the  equation  9   thf  or  say  1  thi. 

Allowanoe  for  rivet  holes  in  the  tension  flange  must  also 
be  made.   This  may  be  done  by  substituting  A  for  Ai,  --/hich  is 
in  reality  equivalent  to  mating  allowance  for  rivet  holes  in 
both  flanges".   This  may  seem  excessive  but  some  excess  is 
necessary  tiince  the  section  has  been  dealt  with  as  solid  and 
with  neutral  axis  at  ce-atre  when  in  reality  the  influence  of 
holes  in  the  tf:sn&iou  ucrtion  is  to  move  the  neutral  axis  from 
the  centre,  thus  diminishing  the  moment  of  inertia  and  in- 
creasing: the  distance  from  neutral  axis  to  extreme  fibre. 
The  sub3ti-Gution  of  A  for  An  is,  however,  more  than  sufficient 
for  this  purpose  and  helps  to  diminish  the  error  made  in 
placing  hg 

-  -  =  unity  . 
h 

M    1 
The  above  modification  gives  this  formula  A  =  —  -  -  th^ 

fb   8 

which  is  in  the  form  adopted  by  many  engineers.   The  last  term 
in  this  eauation  represents  the  resistance  of  the  v;eb  to  bend- 
ing.  Ov/ing  to  the  difficulty  in  making  a  satisfactory  web 
STolice  maoy  engineers  disregard  this  web  resistance  and  use 
the  formula  A  1  M  .   It  is  believed,  however,  that  ample  pro- 

fh 
vision  has  been  made  for  poor  web  splicing  for  long  girders 
and  for  the  greater  approximation  in  short  and  shallow  girders 
by  changing  this  term  to  1  th,  tho  value  given  in  foirmula  62a. 

T2 
63.  COMPARISCEU  OF  EEBDIUG  FOHf.TULAS .   In  order  to  Bho^7  the  degree 
of  approximation  in  using  formula  62a  in  place  of  the  more 
correct  formula,  M  =  fl_  tho  problems  \;hich  follow;  have  been 
inserted.  y 

Problem.  Compute  allov/able  bonding  moment,  M,  for^the 
railroad  bridge  stringer  shown  in  Pig.  63a.  Assume  no  inter- 
mediate web  stdfl£ene»s.  iSg;id' benipfe -©iilji  2»iie  fiss^  hniii- tflango 
rivet)  in  tension  half 'of  girder.   Allowable  unit  stress  =  f. 
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1" 
Flange  /  s   6"  x  4"  :c  - 

1"       S 
Web    30"  X  - 

2 

h.  „  30.25"  -  3.98"  =  26.27" 

Allov;  f6r  this  rivet  hole  only.Diam.  of 
hole,l",  for  7/8"  rivet.  Area  to  he  de- 
duotcd  =      /I"   1"  1"  ^   1 

1"  X  -  -^  -  -+  - 1=  1  -  sq .  inches 
^2    2   2/     2 

Fig.  63a 

Net  area  of  cross  section 

Top  /.  s  2  Q-^  4.75  = 
Bottom/s  2  C?(4.75-0.5)=: 
TTeh     29"  x  1" 

2   Total 

Centre  of  gravity  of  cross  section  above  axis  ::  y 
1"     1 
1"  X  1-  X  13- 
S      8 

_. .6"  =  influence  of  rivet  hole 

32.5  on  position  of  neutral 

axis. 

M  by  exact  method. 

1    1 

Ixy  for  \/cbs  =  -   ,  ~  .  30  .  30  .  30 

12    2 

Ah2   4  X  17.4 

Ixy  for  /s  =  leg  of  ^b  4 = .-:--«—         ^ 

2     t-4  X  4.75  x(l3.12  J  ^ 

Total  I  for  gross  section  about  axis  xy 

Deduct  for  rivet  hole  1  x  1-  x  (13.12)^ 

2 
Correction  for  I  about  neiitral  axis  =   ..,,_^^ 

32.5  X  .62  =  ^'^--~,., 

I  for  net  section  about  neutral  axis     —  ^ 
I      4195 
„  -      :   .«-—   :=  266 

y   .  •151f.6" 
...  F 
/,  M  =  f  -   =  266  f . 

JL 


=  1125 

-.  334@ 

=  4465 

«  J58 

4207 
i1 

-    4195 


f:  f'-ir-  ;     <.  ^' 
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M  "by  FORMULA  6£ .   By  transformation  of  terms  in  the  formula  I: 
iS  found  to  "be  given  by  the  expression  M  „  (A-j-l  thl )  fh, 

=  (8.5  + l.ESHf  )  (26.27)=  256. f 

Sinoo  the  allovrable  moment  as  computed  by  formula  62  Is 
loss  than  that  given  by  the  roorc  exact  method,  the  formula 
for  this  girder  is  on  the  safe  side.   The  error  is  about  2  1% 

2. 

Problem.  Compute  allov/able  bending  moment  for  the  same 
girder  assuming  2  -  10"  x  1"  plates  to  be  added  to  each  flange. 

2 


Plates  10"  X  1  " 
/s  6"  X  4"  X  1  " 


y  \7ob  30"  X  1" 
2 


As  sumo  these  2  rivets 
only  in  a  cross  section. 


Fig.  63 t 

Computation  of  h. 

Cross  area  of  one  flange  =  19.5  sq.in. 
From  baok  of  l^s   to  e.g. of  /^s  r=  1.99" 
(from  band- book Ihenoe  eg. of  flange 
from  o.g.  of  /  B  _  10x(1.99  4-0.5)  =  1.27" 

,',h  =  30.25  -  2x(l.99"  r  1.27") 
=  28,81" 

Net  area  of  oross  section 

Top  Ib      2  (^  4.75 
Bottom  Is      2(0)  {4. 15-0. 5) 
Top  places   2  <S>  5.0 
Bottom  plates   2  (^.  4.0 
V/eb.   30  X  1/2 

Tot?.l 


IF 


?-^1.99" 


9 

.5 

8 

.5 

10 

.0 

8 

0 

15 

t 

51.0 


Allot;ance  for  rivet  holes  =  1"  x  1  1  x  2  =  3  sq. inches 
Hence   Centre  of  gravity  of  oross  sofi-6l.on  above  axis  xy . 


1       1 
Z    (15  ~  -h  -1) 
•     8        4 
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M  "by  exact  method, 

ixy  for  v/el) 

Lxy  for  /IS 

Ixy  for  plates  =  20  x  (15  5/8)^ 

Total  I  for  gross  section  about  axis  xy 
Deduct  for  rivet  holes  3  x  (15  3/8)2 
Correction  for  I  about  neutral  axis  =  51x0. 9^ 

I  for  net  section  about  neutral  axis 

I       8595 

„  ^ «  505  /,  M  ^  505  f. 

y    16  1/8  +-  0.9 


1125 
3340 
4880 

9345 


8595 


709 
41 


M  by  f  onnala  62, 
1 
M=(Af-  thn  )  fh  -  (8.5-(-8.0+-1.25)(f  )(2e.8l)  =  511. 4f. 

12 

Hero  the  formula  errs  on  the  unsafe  side,  the  error  in 
this  case  being  slightly  over  1  percent. 

Problem.   Compute  allov;ablo  bending  moment  for  girders 
shOTTD  in  Fig.  63 r,  Assume  vertical  row  of  rivets,  3"  centre 
to  centre,  at  point  of  maxrtjton  mozaent. 


/\ 


// 


'^H^ 


// 


// 


fy/; 


..-</ 


^- 


Cover  plates   16"  x  5/8" 
Flange;^  S.:: 65 "X  6"  x  3/4" 
I  Web   90"  X  1" 

7  5'sfiCiCtS  8 

\      i         xi  (  -Assume   that  all  three  rivets 
wtb  Yl^t'l-i>   in  tension  flange  are   in  the 
same   cross   section 


Fig,    630. 


]!Iot  area  of  cross  section. 


Top  (s      2  X  8.44 

Bottom    <s      2  X    (8.44  -    2  x  3/4) 

Top  plates  3  x  10 

Bottom  plates   3  x    (10-1.25) 

V"eb   (90-14)1 

Total 


16.88 
13.80 
30.00 
26,25 
38.00 

125.01 


'1    'AqV*"-*- 


"^fTPiii 


.■^■vif:>     /'.•;/'r'--«i:     --frt,. 


-^  -."     f  •.  r-' 
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Computation  of  h. 


=  li7«. 


Back  of  ^:s     to  e.g.   of  /s 

Moment   of  plates  al^out   o.,.£._o^_ig.  =     |0z2^  =  ^^^ 
-T^ss  area  oi   flange  ^^    •   ^^ 


'I 


h  =  90.5  -   0.10  =  90.40 


Moment  al)out  y:^  of  rivet  holes  in  tension  half  of  girder  is 

as  follows:  -j_ 

,7eK    -"(43.15^57.5  -^  34.5  f      —  +1.5)   .  -   :c   297     =148.5 

flange   1   l/S"  .    (45   -'>!")  ^  5-75    (46.18)      -  .^^A 

*     ^          Total  454,2 

.^bo//t'              454.  E  ^^ 

Distance  of  neutral  axis   •        .     xy  =  ---      -  ^  • 

Ma:simum  v.aue   of  y  ==  50.75 


¥,  tiy  ei^act  method 

Ixy  for  v/et 

1x4      "  plates  ::=  127955 +-17 

I   of  ^ross  section  ahout  axis  xy 
Deduct  for   rivet  holes  425'/  f  y^'»^^ 
I  of  net  section  aliout  axis  xy 

Correction  for  I  al)Out  neutral  axis 
I  of  net  section  about  nettral  axis 


y 


202515 
50.75 


^  3990     .'.  r  =  3990f 


20375 

65906 
iSTm 

18093 

204166 

1647 

202^3 


M  =   (A+-  th, !    fh 
12     ^ 


M  hy  formula  62. 
(1388    -7-86.25+3.75)    90.40f  =  5967£. 


in  this  case  the   error   equals   li  on  the   safe   side. 

The  examples  that  have  heen  given  shov  that  J°™J:;^/^ jj^^ 
a  very  c?ose  approximation  to  the  value  ohtalned  hy  the  ordinary 
Lli  formula  M  =  fl.      It   is  much  more   convenient  to  use,    since   oy 

it  the   required  f!ange  area  can  he  ^i^'-^f^^^^^.^-f^J^^A/^^^Lnf 
^.eh  is   determined,   hy   estimating  *,^J^jf,^?,Sr?L  actual  appli- 
hy   the   experienced  commutor  ''f ^^.^J^^i^;- JT^J'      Jiii  te   shomi 
cation  of  the  formula  to    the  design  Oi.   a  girder  Jiix 

later . 
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EZL'LITPLES  OS'  SHEAR  :dISTRIBUTIO!T.   To  shov;  the  decree  of  appro- 
ximation! involved  in  the  ordinary  assumption  that  the  vertical 
shear  is  distributed  -aiiiformly  over  the  net  area  of  v/eb,  the 
maximam  Intensity  of  sliear  v/ill  be  cofflputed  for  the  girders 
in  the  last  artiole.   This  occurs  at  the  neutral  axis  since 
the  statical  moment  of  the  portion  of  a  girder  bet^veen  the 
extreme  fibre  and  that  axis  is  larger  than  the  statical  moment 
about  any  other  axis.    It  vrill  be  computed  in  each  case  for  the 
portion  of  the  girder  above  the  axis/  although  the  same  numeri- 
cal result  v/ould  be  obtained  by  considering  the  portion  below 
the  axis  since  the  statical  moment  of  the  entire  section  about 
any  axis  must  equal  zero. 

Problem.   Compute  maximum  intensity  of  shear  for  the 
girder  sho-./n  in  Pig.  65a. 

In  the  computation  already  made  for  f-iis  girder,  it  v/as 
assured  that  no  intermediate  -.veb  stiffeners  T/ere  needed  and 
that  in  conaequonce  there  v/ould  be  only  flange  revets  at  the 
point  of  maximum  moment.    In  the  determination  of  the  shear 
houever  a  vertical  ro'.7  of  rivets  must  be  assured  at  the  point 
of  ma;:iraum  shear  since  each  stiffeners  x.'ill  surely  be  needed. 
In  consequence  tlie  values  of  I, etc.  previously  found  must  be 
modified  somewhat. 

T-et  a  vertical  ro".."  of  v;en  rivets  be  assumed  with  3"  spacing 
beginning  7  5/8"  from  bade  of  flange  angles. 

There  will  then  be  three  rivets .  bclov;  the  neutral  axis  in 
o-dditicn  to  the  flange  rivet  already  considered. 

The  net  area  of  the  cross  section  will  cross  equal  32.5- 
1.5  _  31.0  sq.  in= 

Its  centre  of  gravity  above 
expression. 

1  1  X  13  1  ^1  (7  1  :  4 


8 


ii 


axis  xy  ',;ill  be  given  by  the 
1  1  ) 


1-^ 


31.0 


=  £6.45"  „   0.85" 
31 


I  xy  for  gross  area  of  v/eb  and  <(  s 

Deduct  for  rivet  hole  258^-1  (7  l^.  4  i^  i  i2  ) 

2    2     2  "^   2 
I  for  net  section  about  xy 
Correction  for  I  about  neutral  axis  _  31  x  0.85^ 


=  4465 

297 

4168 
22 


I  for  net  ijcction  ::bout  neutral  axis 

0   f or  <  s  =  9.5  X  fl5  1  -  2.85J 

"    "  web  =(15  -0.85)(1)(15  -  0,85) 

2     2 
166.6 

U  -  B =  .0804  S 

4146x1 
2 


=  4146 
=  116.6 

=  50-Q 
1G0>6 


od^ 


'Ki- 


f  1 
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From  the  assumption  that 
buted  over  3/4  the  gross  area 
is  ohtr-.inod. 


the  shear  is  uniformly  distri- 
of  the  wet   the  following  result 


u  = 


_  .08883 


5/4  X  15 
The  value  thus  ohtaincd  is  on  the  safe  side  hy  about  10^. 

For  the  girder  shovm  in  Fig  63  "b  the  seme  results  vould  be 
obtained  since  the  cover  pl'^tes  should  not  be  cari'icd  to  the  end 
v;hcre  the  maximum  shear  occurs. 

The  follov/ing  results  arc  obtained  for  the  girder  shown 
in  Pig.  63c,  the  cover  plates  being  ignored  for  the  reason  pre- 
viously given. 


l!Iet  area 

Centre  of  gravity  above  xy  — 


148.5  4-  132.18 


\ 


I  X  y   for  gross  area   of  v;cb  ond 
Deduct    for  rivet   4237 f 5886 
I   of  net   section  about  xy 
Correction  for  I  about  neutral  axis 

=  68.76   X  4.08^- 
I  of  net   section  about  neutral  axis 


68.76 


68.76   sq.in. 

4.08" 

94281 
10063 


84218 

=  1^40 

_    .     03078 


Q   of     (  s        =  16.88  X  39.39 
„    of  v;eb        ={45-4.08  )  fl)    (45   -4,08) 

2  2 


=     7084 
83078x" 


=        .0261  S 


By   assumption  that   shear  is   distributed   over 
of  v^eb,    the   follo\;ing  va.lue  v;ould  be   obtained. 


665 

419 

l084 


3/4  gross  area 


.0296  3 


3575 


This  result  is  af.'ain  ron  the  safe  side  by 
If  in  either  of  the  cases  concldered  the 


^bOTlt 

shear 


ICffo. 

h?.d 


been 

assumed  as  distributed  uniformly  over  the  gross  area,  a  con- 
siderable error  on  the  unsafe  side  \7ould  result. 

Although  the  t\70  girders  considered  do  not  represent  ex- 
treme cases,  it  is  believed  that  the  results  arc  represented  and 
that  in  all  cases  the  assumption  that  the  shear  is  distributed 
uniformly  over  3/4  the  gross  area  of  the  \.'eb  is  a  safe  and  reason- 
able \/orMng  hypothesis. 


1C3 


It  should,  to.   noted  that  some  engineers  consider  the 
shear  as  distributed  uniformly  over  the  gross  area  of  the 
77eb,  hut  this  is  inconsistent  v;ith  the  results  obtained  for 
thooo  typical  frird'jr's  an^^.  should  not  he  adopted  unless  the 
shearing  unit  is  modified.   The  fact  that  the  rivet  may 
perhaps  carry  shear  as  -well  as  compression  should  not  be  re- 
garded as  a  reason  for  assuminfr  the  shear  miifonnly  distribu- 
ted over  the  nnoss  area  since  it  is  the  influence  of  the 
flange  on  the  distribution  of  the  shear  which  is  really  the 
important  factor. 

For  I  beams  the  shear  may  be  treated  in  the  same  manner. 
The  values  oDtained  for  a  10"  1-25  lbs.  per  ft.  are  as 
f  ollov/s: 

14.02 

By  formula  53a  v= S  =  ,370  S 

0.31  X  132.1 

S 

By  common  assumption  v  = .430  S 

S.325 

The  error  in  this  case  is  on  the  safe  side  but  had  the 
gross  v/eb  area  been  used  the  error  vrould  have  been  on  the 
unsafe  side. 

o^ 
For.,  24"  I  -  80  lbs.  p;-r  ft.  Ihe  corresponding  values 
would  b.^  .097S  and  .lllS  the  error  in  this  case  being  also 
on  the  safe  side. 

As  it  is  seldom  that  the  shear  in  I  beans  is  an  important 
factor  in  the  design  this  error  is  of  not  of  great  importance. 

!^ALLO^^ANCE  for  RIVFT  HOLPS .   In  the  design  of  girders  it  is 
necessary  to  make  in  advance  of  the  detailed  drawings  due 
alloviTance  for  the  tension  flange  rivet  holes.  V.o   accurate 
rule  for  doing  this  can  brn  given  since  the  actual  reduction 
of  strength  by  rivet  holes  needs  more  thorough  experimental 
investigation  than  it  has  yec  received.   The  following  rules 
may,  however,  be  used  as  a  guido. 

1st.   For  flanges  v^ith  eovar  plates  and  angles  vath  legs 
4"  or  over,  in  width  av^sime  that  the  rivst  holes  may  occur 
in  the  same  section,  these  holes  being  as  shov/n  in  Fig.  G5a. 

2nd.   For  flanges  wxth  flange  angles  of  A'  or  Ir^ss  in 
width,  and  with  cover  pla'' os  deduct  tvT.  holes  from  each 
section  as  shovrn  in  Fig.  G5b . 

3rd,   For  flanges  without  cover  plates  deduct  one  hole 
from  each  section  as  shown  in  Pig.  65c. 
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In  all  ca^es  the  rivpt  hole  should  be  assumed  as  heving 
a   diariet-ijr  1/0"  mor=!  than  the  nominal  diameter  of  Ihf-.   riv^t. 
This  is  necessary  since  1h^  hol'^  is  usually  punch^^d  with  a 
diara?ter  1/16"  greater  than  thai  of  th'-  cold  riv^t,  and  the 
Pdf^f  s  01'  thfi  hole  may  b -:  do,magnd  somewhat  in  piinchinf. 
Th-i  riv't  commonly  used  in  structural  rorh  is '7/8"  diam?ter 
hftnce  for  thf^se  rivets  thft  holf  should  be  assumW  as  one.   inch 
m  diom-i-ter.   In  light  rork  5/4"  or  r./s"  rivets  are  occasion- 
ally usr-.d  anc'  in  v^ry   heavy  gird^.rs  one   inch  units  ore  som^ 
tim--s  employed. 


It  should  be  stated  that  v-hile  it  is  seldoir.  that  more 
than  three  rivet  hoi -s  actually  occur  the  same  section  of  th-^ 
tension  flange,  the  fact  that  a  ?:ig-2ag  s*'Ction  through  holes 
not  in  the  same  cross  section  may  have  a  less  nf-t  o.rea  than 
any  giwn  cross  section  must  be  considered.   For  example  the 
section  AB  in  Pig.  G5d,  may  have  a  much  smaller  net  section 
than  the  cross  section  AG  and  if  the  distance  AB  is  small 

may  have  a  net^area  but  little  if  any 


Fip. 
GDd  . 

ance 
to  ordi 
in  Pig. 


a 


■'.  for  rivet  holes 
narily  allovr  for 
65,1a. 


less  than  that  on  a  section  lil:e  DE 
If  desirable  the  actual  net  area  o'- 
section  li]--°  AB  may  b<--  comput'-d  or 
deteririin<-'d  graphically,  although  ex- 
perimental results  are  lacking  to  shove 
that  the  strength  of  1  he  flange  varies 
directly  vith  such  an  area.   It  is, 
however,  vrise  to  malre  liberal  allovr- 
and  if  the  pitch  CB  is  less  than  2    I/2" 
three  hol-^s  in.  the  section  as  shov.n 


Attention  may  also  be  called  to  the  fact  that  uhile  the 
maximum  moment  on  a  girder  ordinarily  occurs  at  only  one  sec- 
tion and  that  at  this  section  the  rivet  pitch  may  be  a  maximimi, 
a  maximum  flange  stress  is  dev^^oped  ivherever  a  cover  plate 


ends  and  the  rivet  pitch  at  such  a  point  may  br 
any,  larger  than  the  minimmi  allovable  pitch. 


little,    if 


F_ig_2__^C5a . 
T>  hoi 03    in  section, 
=  2    in   each  L and  2 
in   each  plate. 


c® 


xy — C7- 

Fig.  G5b 
2  holes  in  section 
=  1  in  each  Z.  and 
2  in  each  plate. 


1 


Fig.  65c 
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66  PXAHPLE  OP  GIRDER  DESIGN.   An  exam.ple  of  the  complf^te  design 
of  the  .cross  section  of  a  girder  will  nov^  be  given. 


Pr ob 1 em .   Determine  cross  section  of  a  girder  to  carry 
a  maxinivmi  bending  moment  of  1,250,000  ft.  lbs.  and  a  maximum 
shear  of  1600C0  lbs;   Depth  of  girder  b.  jk  to  back  of  f lange  i*  s 
is  to  be  48  1/2". 


?.B  hum-jBSB  fid  tluc 
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Allowable  unit  stress  Bending  16000  lbs .per .so . inch 

ShPar    ir^OO^   "    "   "  '    " 
IGOOOO 

Web .  net  area  of  cross  section  =  =  13.33  sq.  inches, 

ISOOO 

13.33  „ 

Depth   of   v'Bb   48".      Thickness   of  v^eb =  0.37   or   3/8" 

3/4x43 

Flange     Assun*=7  h  to    equal   depth   of   web  ="48" 

1,250,000x1.3  1 

Trial   A  = .    3/8    .    48  =   lU. 53-1. 50^ 

16000  X  48  IS 

18.03  ^/   " 

Try   2,  I  3    G"    x  4''    x   5/8"    Q   5.8G  =   11.72   -  2.50   =   9.32    sq.ln, 
2      plates    14x3/s  0  5.    25        =  10.50   -   1.50  -  9.00      "      " 

(Rivets    in  flange   assumed  as    in  Fig.    64a  18.22      "      " 

Compute  h  for  this   section. 

Centre   of  gravity   of  <s  from  back  of    <^  s  =  lo03 

(  from  handbook ) 

10.5x1.40 
Correct   to  allovr  for   cover  plates   by — -~  =  0.G6" 

10.5+11,72 

'''  h  =  48.5"    -  2   X   (1.03   -   0.G6)   =  47.8" 

Hence  original  assumption  for  value  of  h,  vrhile  slightly 
too  large  is  sufficiently  accurate  and  section  may  be  used 
as  computed. 

67  RIVETS  and  RIVETED  JOINTS.   The  flange  rivets  form  the  only 
connection  between  the  flange  and  the  v;eb ,  hence  the  deter- 
mination of  the  proper  siae  and  distance  apart  of  these  rivets 
is  an  essential  f.~ature  in  girder  design.   The  diameter  of 
the  rivet  is  ordinarily  fixed  by  practical  considerations  the 
common  practice  having  been  stated  in  Article  64.   The  dis- 

■  tance  apart  of  the  rivets  has  to  be  computed. 

Thorough  treatment  of  rivet  spacing  is  found  in  treatises 
upon  mechanics  and  v;ill  not  be  given  here.   The  essencJal 

■  points  with  v^hich  the  bridge  designer  must  be  thoroughly  con- 
versant are  as  folloYTs;- 

A  riveted  connuction  may  fail  in  one  of  the  follovTing  v/ays; 

a.  By  the  shearing  of  the  rivets. 

b.  By  the  crushing  of  the  rivets  or  of  one  of  the  pieces 
upon  v/bich  they  bear. 

Under  _a  it  should  be  noted  that  the  allowable  shearing 
value  of  the  rivst  may  be  found  by  miUltiplying  its  cross-sec- 
tion area  by  the  allo-<ivable  shearing  stress  per  square  inch,  and 
*  *   that  the  area  of  a  7/8"  rivet  is  O.GO  sq.  inches,  and  of  a 
3/4"  rivet  0.44  sq .  inches. 
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In  def^igning  rivets  to  resist  shear  the  plane  upon  which 
the  maximum  ,''h'=5ar  occurs  must  alvays  be  determirftd.   If  the 
maximum  shear  is  equally  distributed  over  two  planes  the  rivet 
is  said  to  hft   in  double  shear. 

The  permissible  bearing,  or  crushing,  strength  of  a  rivet 
against  a  given  plate  is  dbtermin^d  by  multiply lug  the  allow- 
able bearing  strength  per  square  inch  by  the  diameter  of  the 
rivet  and  the  thicJ'ness  of  the  plate  in  question. 

c.  By  the  tearing  of  the  rivets  through  one  of  thp  con- 
nected pieces  . 

To  prevent  failur^^  mentioned  uncier  _c  use  the  f ollo'.^ing 
empirical  rule;-  Rivets  may  not  be  spaced  closer  than  thr'-r^e 
times  the  diameter,  and  the  distance  of  a  rivet  from  the  ^O.ge 
or  end  of  a  piece  may  not  be  less  than  1  1/4"  for  a  7/8"  rivet 
if  the  edge  in  question  be  rolled  or  planed,  or  1  I/8"  if  it 
be  sheared  though  where  possible  this  aistance  should  be  at 
least  twice  the  diameter  of  the  rivet.  For  other  sizes  of 
rivets  proportional  allowances  should  be  made. 

The  tv;o  following  examples  show  the  application  of  these 
rules  to   .  (Some  simple  cases. 

Problem;-  Determine  number  of  v/s"  rivets  needed  in  row 
_a  to  connect  plates  shown, 

Allov/able  shearing  stress  =  7500  lbs.  per.  sq.  inch 
"     bearing    "    =  15000   "     "     "    " 

^>lllL.^ZI3  >  50000  lbs. 

1000  00    <— L^  n L 

lbs.  1/2  "7     !._L  ^ \    >  50000   lbs. 

plate        *"— ^  \ 

?5/3"  plate 


Fig.  67a. 


Solut  ion;-- 


The  maximum  shear  on  a  plane  through  ths  rivets  = 
50000  lbs.,  As  the  rivets  are  7/8"  diameter,  one  rivet  will 
stand  in  shear  7500  x  0,6  -■   4500  Ibs.j  hence,  if  the  strength 
of  the  Joint  is  limited  by  the  shearing  strength  of  the  rivets 
there  are  needed  50000  -11  (+)  or  12  rivets.   These  rivets  are 

45 
limited  in  crushing  strength  by  ths  I/2"  plate  which  carries 
ICOOOO  lbs.   The  value  of  the  rivet  in  bearing  against  this 
plate  equals 

7/8  X  1/2  X  15000  =  6560  lbs.  and  the  number  required  = 
100000=  15  (-I-)  or  IG.   As  this  is  larger  than  the  number 

65S0 
needed  to  prevent  shearing  16  rivets  must  be  used. 
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60000 


Problem.   Determine  number  of  7/8"  rivets  required 
in  this  Joint  to  connect  plates  shomi.   Use  same  rivet  values 
as  previous  problem. 

,Plat  es->;'l-3/8 "    thick  . 

Plate  #2  -1/2"    thick 

~-^^150,000 

noo,ooo 

Plate  7;-4  7/16"  thick 
Plate  j,"«  7/lG"  thick. 


lOOOOO^v.  h 

100000.^     » — f- 


Plate  y/S   7/16"    thick 


Fig.    G7^. 


Maximum  shear  as  plane  through  rivets  is  100000  lbs  and 
occurs  between  plates  2  and  3,  and  5  and  4.   NujTibsr  of  rivets 
needed  to  carry  this  shear  -  lOQCOO  -  22  (+)  or  say  23. 

4-500 

The  bearing  strength  is  evidently  limited  by  plate  ,,''2 
which  carries  150,000  ibs  and  has  a  thickness  of  l/2%  this 
producing  a  greater  stress  on  the  rivets  than  v^'ould  br  the 
case  for  the-  7/lG"  plate  carrying  100.,  GUO  lbs. 

The  number  required  for  bearing  =  150000  =  15  +  or  16, 

G5G0 
hence  for  this  Joint  the  mimber  of  rivets  is  limited  by  shear. 

Thf,  examples  Just  given  illustrate  methods  of  computing 
rivets  serving  to  connect  plates   carrying  direct  stress. 
Sometimes,  however,  it  is  necessary  to  transmit  tension  as 
well  as  direct  stress  by  means  of  rivets.    Such  a  condition 
often  occurs  in  steel  plans  building  construction  where  the 
connection  of  girder  and  columns  has  to  be  given  considerable 
rigidity  to  permit  the  wind  stresses  to  be  properly  trans- 
mitted. 

The  condition  arising  in  such  a  case  is  represented  dia- 

in  which  the  load  P  is  applied 
at  a  distance  a,  from  the  centre  of 
the  group  rivets  thus  producing  a 
•censlon  Pa  which  must  be  carried  by 
The  rivets  in  addition  to  the-  direct 
load  P. 


grammatically  by  Pig.  67c 


P 

c 

0 

1 

/ 

_ 

n. 

c 

4 

0 

0 

o 

\ 

\ 

c 

0 

Is 


Pig.  67c. 

The  ordinary  method  of  computation  in   ,.i  .such  a  case 
to  assume-  that  the  direct  load  is  distributed  unifcrm.ly 


amongst  the  rivets,  and  that  the  stress  in  the  rivet  to  tens- 
ion varies  directly  with  its  distance  from  the  centre  of 
gravity  of  the  groups  of  rivets  and  acts  at  right  angles  to 
the  line  Joining  the  centre  of  gravity  with  the  rivet  under 
consideration.  As  the  resistance  to  torsion  equals  che  stress 
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in  the  rivet  multiplied  by  its  distance  from  the  axis 
of  rotation  it  is     ■  ■'  apparent  that  by  this  assiinp- 
tion  the  resistance  varies  as  the  square  of  the  rivsts' 
distance  from  the  centre  of  gravity  of  the  rivet  group. 


If  the  torsion  v/ere 
67d  then  the  vertical 


> 
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ho  c    ob 

V       ao       oa 

p 

\v,. 

Pig.    G7d 

Lei 

1! 

,   r  =  the   allc 
rivet. 

I  -   sum   of    £ 
of   a  ri\ 
of   rivet 

)wab  1 R 

square 
rot   to 

.3. 

produced  by  a  couple  as  in  Pig. 

load  upon  the  rivets  would  be 
zero  and  the  rivets  at  a 
should  each  be  computed  as 
stressed  equally  and  up  to  the 
allOT^mble  viorking  load  -v^rhile 
the  other  rivets  would  carry 
such  proportion  of  the  vrorking 
stress  as  the  distance  GB  to 
CA  -when  C  is  the  centre  of 
gravity  of  the  group  of  rivets. 

The  resistance  of  such  a 
group  of  rivets  to  a  couple 
may  th  ref ore  be  expressed 
materially  as  follov/s:- 

vrorhing  value  of  the  mo?t  stressed 

of  the  distance  from  the  centre 
the  centre  Of  gravity  of  the  ^rroup 


a  -   distance  from  centre  of  gravity  of  group  of 
rivnts  to  the  most  stressed  rivet. 


R 


resistance  of  the  group  of  rivets. 


Then  R  =  -  I 
d 

For  the  case  shovm  in  Fig.  67c  the  above  method 
must  be  modified  to  allow  for  the  -effect  of  the  ver- 
tical load  on  the  rivets.   To  make  this  correction  it 
is  only  necessary  to  determirie  the  allowable  resistance 
to  torsion  consistent  with  the  rivet  carrying  its  share 
of  the  vertical  load. 

rThis  may  best  be  done  graphically  by  the 
method"  indicated  in  Fig.  G7d  in  which  the  rivets  at  b, 
are  found  to  be  the  limiting  cases  since  these  rivets 
can  offer  cnlv  11700  lbs  resists  ice  lo  torsion  for  a 
a  total  working  value  of  15000  'lOs  whil-  the  other  rivets 
could  all  offer  a  much  greater  resistance  than  this  if 
called  upon.   Hence  for  this  case  11700  lbs.  sliculd  be 
substituted  for  r  and  the  resistance  of  the  Joint  to 
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20000, 
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Ih  o^    / 
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cy 


fig,    67d. 


In  this  figure  the vfrfyfi^/ 
,.  •    ,v  load  Is 
20000  lbs.  hencs  each 
rivet  is  assi-imed  to 
carry  2500  Vct-,.    of  this. 
V/ith  an  alloTi^fable  work- 
ing stress  on  the 
rivet  of  7500  lbs  the 
component  at  a.  per- 
pendicular to  the  line 
a  c  is  5850  lbs.   The 
rivets  at  d,  b  and  c 
would  be  found  to  have 
larger  composition, 
hence  the  rivets  at  _a 
are  the  highest  stressed 
and  consequently  give 
the  limiting  value,  v, 
in  the  equation.Tn.bles 
givi?ig  the  resistance 
"to  torsion  of  various 
groups  of  rivets  have 
been  prepared  by  E.A. 
Rexford  and  are  pub- 
lished by  Engineer- 
i ng  M  evs  Pub 1 i  sh  i nr  Co. 


68   FLANGE  RIVETS.  ORDINARY  METHOD  OF  COMPUTATION,   Since  it  is 

through  the  rivets  that  stress  is  transmitted  into  the  flanges 
it  is  evident  that  the  number  of  rivets  needed  is  a  direct 
function  of  the  flange  stress  vrhich  in  turn  is  a  direct  func- 
tion of  the  moment,  hence  tlie  distance  apart  of  the  rivets 
or  the  pitch  (the  pitch  is  to  be  considered  the  distance  apart 
of  the  rivets  measured  along  the  flangt;,  i.  e.,  in  the  di't'ac- 
tion  of  the  stress)  varies  as  the  moinent ,   In  a  gii'der  sup- 
ported at  the  ends  and  carrying  a  uniform  load  the  curve  of 
moments  is  a  vertical  parabola,  vrith  its  vertex  on  the  verti- 
cal line  passed  through  the  centre  of  the  span,  hence  the 
variation  in  the  moment  is  a  ninimum  at  the  centre  and  a  maxi- 
mum at  the  ends  and  the  rivet  pitch  follows  the  same  law. 
This  is  also  approximately  true  for  such  girders  when  loaded 
with  other  than  uniform  loads. 


A  knovdedge  of 
insufficient;  it  is 
The  following  metho 
total  stress  in  the 
also  the  tooal  stre 
section;  the  differ 
increase  in  flange 
of  the  girder  and  t 
through  the  rivets, 
increase  in  flange 
use  in  that  portion 


the  variation  of  the  pitch  is,  hov/-ever, 

necessary  to  determine  the  pitch  itself, 
d  of  doing  this  is  obvious;-  Compute  the 

flange  at  aay  section  and  compute  ■': 
PS  at  a  section  one  inch  from  the  first 
once  betv^-een  the  two  stresses  gives  the 
stress  per  longitudinal  inch  at  thatpoi'tion 
his  increase  must  be  carried  into. the  flanges 

If  one  rivet  can  carry  li-'lbs.  and  if  the 
stress  is  x  lbs.  the  proper  rivet  pitch  to 

of  the  girder  is  j£, 

X 


If  the  portion  of  the  bending  moment  carried  by  the 
web  be  neglected  in  the  determination  of  rivet  pitch,  this 
error  being  small  and  on  the  safe  side,  the  increase  in  flange 
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stress  may  be  found  by  dividing  the  increase  in  moment  by 
the  distance  betv^een  the  centres  of  gravity  of  the  flanges* 
It  has  already  been  stated  that  the  first  derivative  of  the 
moment  equals  the  shear  end  as  the  first  derivative  equals  the 
increase  in  momont  it  therefore  follov;s  that  the  rate  of 
increase  in  flange  stress  at  a  given  section  equals  the  shear 
at  that  section  divided  by  the  distance  bel-iveen  centres  of 
gravity  of  the  flanges. 

The  following  formula  for  rivet  pitch  may  therefore  be 
given;-  Rh 

p  =  ^- 

B  68 


In  Trhich  p  =  maximiim  allowable  pitch  in  inches  at  section 
under  consideration. 

R  =  allov/able  load  on  rivet  in  pounds  (usually  the 

value  of  rivet  in  bearing  on  web), 
h  =  distance  between  centrf^s  of  gravity  of  flanges  in 

inches . 
S  =  maximum  external  shear  on  given  section  in  pounds. 

Owing  to  th.e  fact  that  if  the  distance  betv.'een  rivets  be 
too  grF^at  the  pieces  may  tend  to  fail  in  detail,  especially  in 
a  compression  piece ,  it  is  customary  to  specify  a  iiiaximum 
pitch  not  greater  than  6''  or  16  times  the  thickness  of  the 
thinnest  plate  connected.   This  rsstriction  is  frequently 
the  d.etermining  factor  in  settling  the  rivet  pitch. 

This  method  is  applicable  only  to  rivets  through  the 
vertical  leg.   These  are  the  rivp.ts  through  vrhich  all  the 
stresses  enters  the  flange.   The  rivets  through  thr-.-  horizontal 
leg  serve  to  transmit  a  part  of  this  flange  stress  into  the 
cover  plates  and  in  consequence  may  have  a  larger  pitch 
It  is  cus^om.ary,  hovrever,  to  use  the 
same  pitch  for  the  vertical  as  for  the  hori- 
zontal rivets,  hence  the  method  giv-.n  is, 
in  general,  all  that  is  necessary. 

One  special  case  must,  hovrever,  be^ 
mentioned  as  it  is  of  frequent  occurrance, 
viz,,  T/here  the  vrhole  load  or- a  part  of 
it  is  transmitted  into  the  girder  direct- 
ly through  the  flanges  such  being  the 
case  in  railroad  bridge  string-rs,  in 
girders  carrying  brick  walls,  •':':1.c.  The  results  of  such  a  loading 
is  to  impose  a  vertical  load  upon  the  rivets  as  well  as  a  hori- 
zontal thrust,  the  stress  p  ^r  rivet  b«ing  thereby  increased, 
and  the  allovmble  rivet  pitch  decreased.   In  solving  such  a 
case  it  is  necessary  to  find  the  resultant  of  the  increase 
per  inch  in  the  horizontal  flange  stress  and  in  1  he  vertical 
load  per  longitudinal  inch,  and  to  divide  th*"--  value  of  the 
rivet  by  this  resultant;  the  quotif-nt  thus  obtained  equals 
the  pitch. 


Ill 
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FLAFaF;  RIVIi]TS.      PR?:OIfTR' ^IFITtioD   OF   00!:PUTATIO!K      The  method 
represented  by  equation  68   is  the  approximate  method  of  figur- 
ing: rivet   pitch  which   is  (.,Lnost  universally  used  in  plate 
girder  design.      In  order   to  t^'oroughly  understand  thf  quf-s- 
tion   cf   rivf-t   pitch  and  tn  be   ablf   to   properly  figure   the  pit3h 
in   other  casf^s  Khich  may  arise   such  ns  rivet   pitch   in   columns 
carrying  bending,    etc.,    it    is   necessary  to   develop   a  mere 
fixact  method.      vSuch  a  method  may  also  bf  v-ell   employed  in 
invf'Sl  igat  ing   existing  gird'^rs   the   strength  of  rhioh  may  be 
in  dcubl.      To   obtain   such  a  method   the   forrnula  for  horizontal 
shf-ar  may  be  used. 

Referring  to   Pig,    08    it    is    evident   that   the  function 
of   the  rivets   at  _a   is   to   prevent   the  flange   anglf=-s   from   slid- 
ing along   th':'  T-eb;    that    is,   the   rivets   resist    the  horiscntal 
sheai^ing  forc^;   of    the   angl-s.    Hence,    if   this   force   car   b---^ 
computed   tlie   riv-tt   pitch  necessary   to  vithstand   it  can  be 
detp.rain:  d.      Thi?;   computation  can  be   easily  made  by  m.ul  tip  ly- 
ing  the    intensity   of    the   longitudinal    shear  by  the    thicKness 
of    th'-;  veb,    using  for   Q    in  thp  df-termination   of    the    intensity 
th--   statical  mom-nt   about    the  neutral   axis   of    the   anglr-s   and 
covflr  plat(^s    combined  but    but    not    of    the  portion,   of    t.h'--   veb 
includ'-d  between  the  fian^^   angles    sincf    the   str'^^ss    in  this 
is   carried   by   the  v^eb    itself.        This   gives   the    increasr-    in 
sh-^aring  force  p sr  longitudiral    inch    in  the  flange  r'bich 
equals    the    incrf^uase    in  flnnre    stress   r.vA   thi'^    can   be   w^^J.  as 


b'-.fore  in  figuring  the  pitch, 
pitch  for  the  rivets  at  b_  car 
for   tb'-^    ccv-^r  platf-s   only. 


By  the   spme  m.ethoci    the    cor"; 
•ft   det^-rmin-'   by  computing  Q 


RIVI.T  PITOR 


C0r?UTATIOT-.T 


PXA''PL^'o.   To  illustrate  the  api  11- 


cation  of  these  m  tbods  the  gird'---r  shoi"n  in  Pi^: 
consid'-red. 


03c  Fill   be 


Probl-m.      Peterminp    the   rivet    pitch   r-quir^d   at   f    s^^c- 
tion  T.T-'--re'  th^    sh^'ar    is    .'^O?^'-')   lbs» 

Th-   rivets   tl'.rougP    the  v^^^rtical    legs    of   the   angles-,    - 
v^ill  first   b-    consid'-r.^d ,    assrm.ir.g  that    th'--   load   as   rpplied 
dir-'ctly   tbrov.gh  t.b--^  ^-^eb   and  not    on  thi=-  flange.      L-t    the 
bearing  value   p'-o'   sq.    i-ch   of    the   riv-t?  be  tahen   as   24,0CC 
lbs.    and  the   shearing  valine   as   l;3CO^    lbs.      The    strength  of 
th'-   riv^t  will   thAn  b«   lim.itel   either  by  b-'taring   on    the  1/2" 
vreb   which   equals    l/c   '■'   7/0  x  B4000  =  106 JC   lbs.,    or  by  double 
shi-o.r  which   equals    .G?   r.  ir,:o^   r.  ?■  ==  144':9   lbs.      As    th'--   b:-..'^,r- 
ini';  value    is    small-^-r   it    mu'^t   V      u'^ei'i, . 

Incrfase    in  flang-^    str'-ss    r-er   linear  unit;-      ^  /;j 

1 — _ _  _.  1         , — t —r-J 


30 on  To 


Appr  ox  imat  e  n*"- 1  h 0  d 


;?23 


DO.  4 


V^ 


1043 
Pxact   np.thod   .^:':C'^T  x  

'  •  O  c  r,  1  T 


•,.8Qr    ih-'. 


ITote    that    Q  ^--   GV.'j   +    127i 
that  I   ~  2.d?,^l?>.      ■ 


!   for   li '  s    pnd  cov^r  plat  65 
lee  Art i '--It    r.". 


and 


■^oii<*m  ffrff- 


CO 


il-X    :■■}•■ 


^r{>   f-iorf : 


b'-rii 


t^Tif' 


■  fT*  r^  r  ■ 
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Since  one  i-ivfit   can  carry  10500   lb?,   the   requir'^scl   -itoh 
by  the  approxinate  method   is 

105C0 

=  ?;.18"   or  say  .'=^" 

■■>  . 

1Q50C      * 

ar.d.  by  the   exact  msthod ~  =  3.65   or   say  5   l/S". 

£880 

It    is    evident    that   the  approximate  method    is    decidedly 
on  the  saf^side   in  this   case. 

^Yere  the  pitch  fouJid  to  be  les.T  than  three  diameters 
it  v/ould  b?  necessary  to  locate  the  rivpts  in  t^';''o  roT^s  as 
shovm    in   Pig.    70a  vrhf-;re   a  pitch  of   £'■    is   assumed. 


c 


^''' 
^  I  '." 


'r~-rT.-- 


Fig.    70a. 

It  will  b«^.!  noted  that  the  7)itch  is  taken  as  the  distan 
tv.reen  rivets  measured  along;  th^  -axis  of  the  ancl-s.  Th 
tance  apart  of  the  rovfs  of  rivets  must  br  sufficient  t 
th^^  distance  d.  equal  to  or  {greater  than  three  times  th 
mrter  of  the.  rivet  or  2  5/8"  for  a  7/8"  rivet.  The  d 
_e  should  not  be  less  than  1  l/4"  as  already  notf-d,  and 
preferably  be  1  l/?."  or  1  r)/4".  Th'-  distance  _c_  is  del 
by  the  amount  of  room  nr-ede.d  for  driving  the  rivet.  Th 
ard  A^aluf's  for  different  angles  is  given  in  the  steel- 
mafce  r  s ♦   han  d-b  c  ok  s . 


ce  be- 
e   dis- 
0  make 
e   dia- 
ls tance 
should 
ermine d 
e   stand- 


For  correct    spaci;ig   on  the  vertical   rivets   the    exact 
method,  must  b(-.  used.      The    increase    in   stress   per   inch    is 


"   oOOGOO  -  1800    lbs. 


20P.J313 


Th-    vnlue   of    each  riv.-t    in   this   case    is    evidpntly    its 
str-ingth   in  single   shear,    but   as   there  \vould  be   tv/o  riv;:ts    in 
a  cross-section  the  pitch  may  be   obtain.ed  by   dividing  1  he 
valuf-    of    one   rivet    in  double   shear  by   th^    increase  p^^-r   ivich 
the  pitch  thus   b---ing  foun.i    to  bf-    14400  =  7.0"    or-   say   7   1/.3". 

1890 

As  this    exceeds   G"    (Gee   article   OS)   the  pitch   for  these 
riv'-!t3   should  be  iimde   G"    or   I'.ss. 


e^    di' 


113. 


TMg    pxampl'^    ^shovrs   that   th^  pitch  of   th"  v^rt. icfll   riv^tfl 
may  Tsr   ccnsidorably  greater   than  that    of    Ihft  horizontal  rivets. 
It    is,   hovrever,    usually  niQtfe  the   name  for  practical  con.^ider- 
ationj! . 

There  remains   on-'-'   other   casfl   to  be   treated;    that   O'-'   a 
gird.ffr   supporting  a     load   on  the  upper  flange.   To   illustrate 
ths  method  requir^^d  for  this   case   let    the  girder   shovn   in 
Pig.    63a  be  consid'^r'^d   and   let    it   be  assumed   that    it    is   a 
railroad  bridge   stringer  rith  ti^-'^   resting  directly  upon  the 
top  flang-'.      Let    it   also  b.^  assumed  that   the  maxinun  wheel  load 
crossing  the   string'--fr   is   24000    Ibs.^    that    the  maximum   end 
shear   including   impact    is   100000    lbs.,   and  that    the  rivet   pitch 
Is   to   b;--  figur^;d  at    the   end  of    the   stringer.      Tith  the   allovA- 
eble   unit    stresses   previously  used  the   limiting  value   of   the 
rivet    is,      7/8  x   l/8  x  24000  -  10500   lbs.    Usi)ig  the   appro- 
xlm£t.te   mrfthod   the    increase    in  flange   stress    is  found   to  be 

100000 

=  3800  lbs.  pr-r  linear  inch.   This  value  must  bi-  com- 

J56.27 

bined  v/ith   the  v^^rtical   load,    carri^;d  by   Ih^--  rivets.      Since 
th*"-:  rail  has   consid^^rable   stretigth  as   a  bepjn   it    is    evidf-T-t 
that  a  vrhrjel   load,  vrill   nf.v-^r  be   carri'^^d   entirely  by  on^.   tie, 
but  v'ill  be   distribi.ited.      The   common  assumption   is   that    one 
Fh^^el    is   distributed   over   three   ties.      If   this   assumption 
be  made   one   ^i^hr^f^l   load  vill  be  dist-ributed  ov.-'r  th'^    rivets 
in   th'.-.   space  m.    Pig.    VGb ,      If   the   ties   are   8"   vide   ami    spac-^d 
0"    apart    in  the   clear,    three   ties  will   occupy  a   total   distance 
of    5G",   hence   the  vertical   load  p?r    inch  vrhich   the   rivets   must 


bear    is   24000    or   G6G   lbs.   neglecting  the   dead  ifreight  vrl:ich    is 


so   small   com.pared  with   the   live 
load   as   to  be   negligible.      To 
allow  for    im.pact   this   value 
should  be   doubled   since   these 
rivftts  arc   more  directly  af- 
fected by   ths   shock   of    the 
locomotive   than   any   other  p^^^r- 
tion   of    the   structure.    To   obtain 
the   rivst   pitch   it    is,    there- 
fore,   necessary  to  divide   the 
value   of    one   rivet  by   the   re- 
sultant   of    3800   and  133S.    The 
resultant  may  be   obtained   quick- 
ly and  vfith  sufficient   accuracy 
by   the   rcraphical  method   indi- 
cated  in  the   Fig.    Th:-.   result- 
ant   is  found   to  be  4030,   hence 
the   proper  pitch   at   the   end    is 
105CO  =  2.05  ==  2   5/8"    or   say 
4030  2    1/2" . 


/-/  0  3  0 

Pig.  70b 


This  spacing  can  b -;  used  without  difficulty  since  two 
roTrs  of  rivets  should  always  be  used  in  a  G"  <  leg, hence  the 
actvial  distance  apart  of  the  rivets  will  be  considerably  great- 
er than  the  nominal  pitch.   i"'ere  the  4"  leg  vertical  instead 
of  3"  leg  the  pitch  of  2  s/s"  could  be  used  as  this  is  ths 
minimum  allowable  value,  but  the  adoption  of  this  minimum  value 
except  where  unavoidable  is,  however,  not  recommended,  a  better 


f*  ;r  ■ 


or*;,!     ^' 


'•tutO^ip, 


ij^.rl^ 


j-';''iTT 
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plan  being  to   increase  the  dc-pth  or  web  thiclrnesg  to  permit 
larger  pitch,    or  elsft   to  use  a  wider  l8/:rged.  angle  with  two  rows 
ot    riv-ets.      It  frequftntly  happens   that   thf^   determination   of 
the  flange   section   of  girders    is  materially   influpncpd  by  the 
question  of  rivet  pitch,   and   the  experienced  desip-necr  will  al- 
ways  look   into  this  before   selecting  flange  angles. 
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DIRECT  '7EB   STRESSES.      It -has  previously  been   shorn  that    the   in- 
tensity of   thp   horizontal   sh^ar  at   any  point    in  the  web   of   a 
girder  equals   th^    intensity   of   the   vertical   shear   and  that 
these  reach   their  maximum  values  at    the   neutral   axis.      Con- 
sider again  an    Infinitesimal  prism  at    the   neutral   axis.      The 
shearing  forces   acting  on  this   prism  will   develop    internal 
forces    of   tension   and    compression,     .The   value   of  v^hich 
may  b-   found   as  follows;- 

Lf-t   the   thickn'^ss    of    Ihe  prism 
at   right    angl.^s   to    the   paper  be 
unity,    and   let        t        ftqual      the 
intensity  of   the    shf-.ar.      Then  the 
total   shearing  force   on   each  side  = 
V  d  X.      RMsolving  these  forces    Into 
compon-nts   the  valuH   of    r^ach    is   found 
to  be 

vdx 

acting  as    indicated 


I 


/■2 
in  Pig.    71b. 


ri)  y^'^ 


Fib   Pig.    71b. 

Thft   effect    of    thesft  compon-'.nts    is   to   produce   on  D   B   a  total 

2   vdx 
tension  — -—       Since   t-h---;   length   of   D  B   is  ^'"3   dx   the    intensity 

1  f  O  t~^  t 


/o   vdx 


of    the   tension  on  n   B =  v, 

^"S  v'2    0-/. 

In  the  same  manner  a  comprrssive  force  may  be  shown  to  act  on 
A  C  the  intensity  of  which  is  also  v.   It  therefore  follows 
that  at  the  n mtral  axis  there  exists  a  tension  and  compression 
acting  upon  planes  at  right  angles  to  ftach  other  and  at  45='  to 
that  axis  and  that  the  intensity  of  these  forces  is  equal  to 
that  of  the  shnar.   If  the  prism  in  question  has  been  taken 
above  or  below  the  neutral  axis  the  above  conditions  would  be 
modified  somewhat  through  the  introduction  of  direct  fibre 
stresses  which  would  then  have  to  be  considf-red.   The  effect 
of  the  shear  in  producing  direct  stresses  would  not  be  changed, 
that  is  the  shearing  forces  would  develop  direct  stresses  as 
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l^f.fstfdurtt  sheir^U-.-L  ,n:-act  fibre   ,st:...,s  to  b.-.cUng. 

"h»  a--DT.-.sslon-lor  ths  roj.mva  direct   stress  for  this 
,„ore  e!jn.,ril  cas3  L  de,-eU,iv,d  m  boolcs   on  mechanics   and 

is   as   follow?: 

px  +  Py 


in  this  equation  p'  =  in:..n  ity  ^J^^'^^^^^t, 
stress  occurinfi  on  any  p^an.  pu^.x^t,  ^^f^f^'- ^^J^:^^  ,,^c^^„' 
px  and  py   ar.   the    xntensiv...    o.     l^^^^r.c.    otr  ^^^^ 

ing  at    oh.   same   ti^e   on    .^o      ;^;—^^J^,ftha    shear  on   .ach 
the   sajne  poiTLc  -    and  v   ic    tho   mOv-nbiLy    u-u 
of   these   tv-o  latter  planes. 


Fig' 


nc   illustrates  thl.  condition.,  J'    j^rif'th."""* 

neutral   a^^i?    -jf    a  b'ram 
suhjt;ccf?l   to   oer.diiig   out 
net'  10   direct   stress,   px 
and  py  are  hoth   cero   and  p' 

~  '^  *     .e 

Thf/'^x-orftssion  for   f-e 
anglr-'be.^-.cn  ^:be  x  plane 
and   the  plan-   upon  rrhicn 
the  r-iaxiraan  latensioy 
Fig.   71c.  occurs    is    as  follows- 

Tan  e  =       L    and  theref ore^the  case  of  the  girder  reduces  to 
unity   shoTfriJiAg  that  0  -  45'"^. 

That  tension  and  compression  ft   f  jho^n   in  the  pr ism 
is   also   svideixt   the   cUstortion  produced  hy  the   sh.^^^ 

It    is  plain  that  under   l^^^^l^^^^^^^^l^'^^e^s^a 
tical   shear  the  prian  rhicn  is  re.t_^n^uujir  y.i 
vill   talce   the   shape   shown   m  Pig.    71d. 


Pig. 


71  d 
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concr9t-e  beants   on  the  other  hand  the  corresponding  tension 
is-  the   ifitport-ant  lactor  since  concrste   is  very  Treak   in  tension 
and  means  must   generally  be  taJcen  to  provide  a^rainst   failure 
"by  rupture  at  45''   to  the  axis,    either  by  ste?!  rods  placed  at 
45^   to  the  axis,    or  by  vertical  stirrups. 

The   combination   of    the   direct   stress   due   to   shear  T^ith 
that  due  to  bend.ing  ne^ults    in  making  the  resuliant   comprsss- 
ion   in  the  web   of   a  girder  act    in  the  dir^-ction   iridicated  by 


the   d-otted  lines    in   Pig.    71e 


^he 


shapi 


X 


^ 


/ 


/ 


/ 


Fiff.  71e. 


of  this  lir:-  is,  of 
course,  dependent  upon  the  r':;lative 
value  of  the  shear  and  the  direct 
stress.   At  the  end  of  ■.he  girder 
Thers  the  shear  is  a  majximum  and  the 
bending  moment  a  miniraum,  thr  li:ie 
^ould  li-^  at  45°  to  the  axis  through- 
out "T-'ts  entire  length.  At  the  sec- 
tion -where  the  moment  Is  a  itiajsimuin 
the  shear  is  zero  hence  here  there 
is  no  direct  stress  in  the  rreb  at 
the  neutral  a-.cis,  ar.d  abovi=-  or  bel  ow 
this  axis  the 
11-.^1  to  it. 


direct  stress  is  para- 


From  the  preceding  discussion  it  is  evide^-t  that  in  the  de- 
sign of  a  plate  girder  web  attention  must  bv-=  giv-^n  to  the  com- 
pression stresses  which  exist,  and  that  a  web  designed  to 
resist  the  shear  alone  may  fail  through  buckling  under  com- 
pression.  To  prevent  svich  action  care  must  b  •:■■  taken  to  make 
the  web  of  such  thickness  that  there  will  be  no  danger  of 
excessive  compression  or  else  the  budding  tendency  must  be 
restrained  by  other  means.  The  latter  is  the  common  method, 
and  is  6J3Complished  by  the  use  of  stiff  ^ners  which  are  verti- 
cal angles  riveted  to  the  web  and  extendi- -g  from  top  to 
bottom.   Sometimes,  however,  it  is  more   economical  of  mater- 
ial as  well  as  of  labor,  to  incrsa.* 
than  to  use  stiffensrs. 


m.ore 
le  the 


economical 
web   thickness 
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72        ^fEB  STTWErERS,      The   subject   of    stiffener   spacing   is   compli- 
cated and   no   accurate   t.heory  has   yet   been   developed.   Experi- 
mental  results  hp.ve  been    inconclusive  but    in_dicate   that   the 
ordinary  methods   of  practice   are   safe    if   not   precise.    The   only 
theoretical  m.ethod  that    seems  rational   is   to   treat   a   strip    of 
the  web   as   a  column  and  to  make   an   assumpti-n   as   to   the   in- 
fluence  of   the   remainder   of   the  web   upon  this   column. 

By  this  method  an   equation  can  be   -^ -educed  for   the  dis- 
tance  apart   of   the   stiffeners  which  should  be    in   a  reason- 
able forra  and  which   if    it    does  not   givfe   results    exceeding  the 
limits   of   good   practice  may  be  used  with   security. 

Let   Fig.    72a  r-present   a  portion   of   the  web   near  the    end 
of   a  girder  where  the    shear   is   a  maxim.um.    Since   the  bending 
moment   at   the   ends   of    the  girder   is   sinall  the   direct  web 
stresses   act   at   approximately  45^^   throughout   the    entire  depth 
of    the  girder,    hence  the    strip   of  web    to  be   cor.sidered   is 
taken  at   a  45"    slope.      Its   length    is   restricted  by   the  flange 
angles   and   it    is   partially   restrained   against   siiewise  buck- 
ling "^y  direct  v^eb    tension  at    right   angles   to         .its   axis   as 
indicated   in  the  figure  by  arrows;- 
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Fig. 

72  a. 

Thsn  i  =  d  /  2  anci.  r  =  /2  "  /iJl''  =  - 
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Let  unity  =  ^idth  of  strip. 
"  t  =  thickness  of  v^eb . 
"   i  =  length  of  column. 
"   d  =  distance  apart  of 

stiffeners  in  clear. 
"   r  =  radius  of  gyration. 

t 


12  \ 


\.^2 


A   column  f  orraula   of    th-e  f  orrn  ^  =  16000  --  c  _i_  will  now 

A  r 

be   applied  to   the   strip.      Since   c   for   the   ordinary  unsup- 
ported pin   ended  colum]-i  may  b''-i  safely  tal'^^n  as   70    it  would 
not    seem  unreasonable   to   reduce   this  m.aterially  here   since 
the  column   is  fixed  at   the   ends  by   the  flange   angles   and  hc-^ld 
sidevv'-ise   th^roughout    its  entire   length  by   the   dirc-ct  web   tcn- 
tion.      The   omount  which   it    should  be   reduced  to  allow  for 
these  .     '.restraining   influences    is   lonknown  but    the  value, 

c  =  25,   will  be   adopted  as   a  conservative  value  giving  results 
which  do  not    exceed  the  limits    of   ordinary  practice-,      Substi- 
tuting this   value   for  the   constant   and   expression   the  value 
of  _i_  in  terms    of    t   and  d  gives   the  following  equation;  — 


-  =  16000  -  25  -  V24 
A  t 

d 
=  IGOOO  -  120  -  (very  nf-;arly)  in  which 


-  equals  the  allowable  intensity  of  axial  compression  in  the 
A 

columns.  This  for  the  case  in  question,  equals  th-'  shearing 
intensity  v,  per  square  inch,  hence  the  formula  m.ay  be  writ- 
ten thus  d 

V  =  16000  -  120  -  72 

t 

This  formula  may  be  used  in  either  of  the  following  wo.ys : 

1<^.  To  compute  the  allowable  shear  per  sq .  inch  on  the  net 
section  of  the  web  for  a  given  thickness  of  web  and  distance 
apart  of  stiffeners, 

2*.  To  determine  the  reqiiired  web  thickness  for  a  given  shear 
and  .distance  apart  of  stiffeners. 

5"^.  To  determine  distance  apart  of  stiffeners  for  given  shear 
and  web  thickness. 
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Since  the  coluron  lies  at  45o   to  the  axis  no  stiffeners 
■will  be  n-eed^?d   if  the  value  of   d.   is   found  to  b^  greater  than 
the  clear  dist-ance  tietween  flang-e  angl-es  .     It    is,   however, 
customary  to  use  st-iff-erj-trrn   on    -.ll   except   sheJJL-cv^  girders 
in  order  to   st-iXTen  the  gord^r  dui'^rytg  f  abrl-cat  ion  and  trans- 
portation and  a  conr»n  requi^'^^^rrt   is  that    the  maxinura  clear 
distance  betsmen   stiffeners    shall  be  the  depth  of  web  plate 
bet-ween  flarige  angles,   and   shall  not  be  greater  than  5  feet. 

For  that  poT*tio-n  of    the  girder  where   the  bending  moment 
is   large  and   the    shear  relatively   snail   the  rreb   conditions 
differ  materially  from  thase  ass^[med   in  developing  foniula  72. 
For   example,    at   the  point    of  maximum  bendiJ^g  mom^^nt,    the  shear 
is   zero,    and   in  cons-e-qnence  no  ^eb    compression   exists    in   I  he 
half    of    the  girder  between   the  neutral  axis  and   the   tension 
flange,  while  the  x^eh   compression   in  the   other  portion  of   the 
girder   is   parallel  to   the  flange   and    increases   an    intensity 
as   the     distance  from  the  neutral  axis    increases.   Between  the 
end  and  the  point   of  maxinum  moment   the  condition  varies 
from  that  assumed   in  developing  the  formula  to  that   just 
stated.      Yrhile    it    is    evident   that    the  formula   do3S   not   apply 
very  clas^lv-  to  all  these  conditions,    the  fact   that    it    gives 
a  gradually   increasing^'l'apart   of   the   stiffer.ers   as   the   shear 
diminishes    is  probably  consistent  with  actual  conditions, _ 

The   size   of    intermediate   stiffeners   cannot   be  determined 
theoreticaJLly;    a  good  rule    is   to  make   the   outstanding  1-g 
equal   to   or  greater  than   two    inches  plus   one-thirtieth  'the 
depth   of   girder.      The   other   leg  should  be   of    sufficient  width 
to  permit   of  proper  riveting. 

In  addition   to   the   angles   necessary  to, stiffen  the  web, 
vertical    angles   should  be  used  at   all      .:  "    ^where   concencratsd 
loads    of   considerable  magnitude   are  applied  to   the  girder,    m^ 
order  to   transmit   th^se  loads    into  the  web   without    overstressang 
tb-  flange  rivets.      The   design  of    such   stiffeners   consists    in 

.selecting   angles   of    sufficient   area   to  withstand  the  lo5.d 
without    crushing,    and    in  determining  the  number   of    rivets 
necessary  to  transmit  the   load   into  the  web  the  value   ox   tne 
rivet  being  limited  either  by  bearing  on  the  web   or^by^ double 
shear.      Both  types   of   stiffeners  are  indicated   in  Pig.V2b. 

For  the  results   of   exp?^riments   on  the  buckling  of  plate 
girder  webs   see  article  by  Turneaure   in  the   "Journal   of   the 
V/estern  Society   of    Engineers   for   1907.      Vol.    12" 
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""     arlfand\'f '•    '""'"  ^'^^'^^  ^'^^  ^'''-  ^^   ^^^^^ase  th.  flange 

fllnrl       It   f'  nnf  r''^%^'-'^    '■''''  ^^-^^  ^  ^^^^   economical^ 
xxange.      it    is  not    />oo(l  design  to  use  too  many  cov^r  nl-^i  P>q 

the'^tot'^f^?^"  ^"^^^  °'"  ^^^  P^^t^^   should  norLceldoni^ia!; 

svj?^?^  s?ss  nor^e^^i^rio!;^  i^^i:^  ?r?^^;ir  5^^v 

vAm^Tr^^/i        e^ceect  4   1/2    .      in  case   a  greater  flange   prea   is 

To  deterrninf*  vrhare  a  cover  plate  may   er^d 
it    IS   nec-.'^ssary   ta  e<ruate  the  binding 
mo7n.=int  rhich  tha  girder  car   carry  T^ith- 
out   the  cover  plate  to  the   external  bend- 
ing moment  at   the   end   of   the   plote. 


Fig.    73a. 


The  following  example   serves 
lustrate   this  method. 


200000    lbs 


to    il~ 


20 


Dead  Tprt.of  gird'-r 


^_ 


■ff 


5P^00   Ibs.P'r.rji'ft 
/ 


lOGOOO    lbs 


Fig.    731). 


106000   lbs 


Flange   area  (2  <s   6"   x  G"    x  s/s"  Q  7.11  =  14. 22-2. 50  =  11.72 
(2    pits.    1G«    X    1/fe'-    O  8.00   =      16. 00-2. 00    -   14.00 


Tension 
flange 


2  vreb   ^   1      .   48    ,   9     =2.25 
12  12  Te 


To  find   end   of    outside  co^/er  plate  pro^p-^d   thu^.  •- 
Flange   area  after  plate    is   cut  =  30.97 

Dist.    e.g.   to   e.g.    of    flange       =  l7.*4" 

Bending  moment  which  flange   can  carry    in  ft.    lbs.= 


2.25 

27.97 


20.97x16000x4', 


12 

can  L'cut!*"  '"  ^^^^'  ^'^'''^   "^'"^  ^^  ^^^''■■''   ^^  P°^"^  ^^^■'^^'^  plate 


Bending  moment  at  x  =  lOGOOO  x ^- 


300  x^ 


2 


9'- 


V?^-  .t  I 


/.    1060CO     X ^    :=   „ 

2 

Solva   for  x. 


':   -16000    :•:   47.4 


1:3 
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T..0  actual  longth  of    th^-  cover  plate  should   b(-  <5on<-what 

lon^^r  than  the  theoretical   length   in  order  that    ^henJ^ss 

may  b-  properly  carried   into   the  plat^.      12"    extra    i'^u.u^  11- 

allowed  at    each  end  for  thi:?  purpose,  usupll. 

For  girder   suh.iected   to  moving  loads    it    i^  inor-*  s6vnr^~ 
tas-ftous  to  ufift  a  graphical  method.  " 


^1. 


quals  panels . 


Pig.   7.5c, 

The  application  of   this  method  is  as  follows-- 
^Plot  the  span  and  the  external  moments  at   each  parel 
poin.     connsctmg  thar.^  latter  points  by  a  smooth  curnre,    thus 
obtaining  the  curve  of  bending  moments.   (This   curve   is  irnc- 
ticaxiy  a   seri-s    of    straight    lines   and  may  be   so  us^d  with 
v,r  I'y  V^^f    influencR   of    th^  weight   of    tb?   gird-r  b-ing  offsQ-^ 
by  the  fact  that  a   straight   line  curve  for  moving  concentr?t^-d 
loads  gives   excess  mon'^nts  for  all  except  panel  points, 
ioee  Article  49).      Compute  also  the  moments   of   r^-.sistanco 

rr.^-,^iJrls^''\u^  ^^''  application  of  the  common  formula  (See 
Article  G3)  v/ithout  covnr  plates,  ^ith  on-  covsr,  v^ith  tv^n 
covers  etc.- ar.d  plot  these  moments  to  the  sam-i  scale  as  the 
©J^c^rnal  bending  moments.  Since  the  mome.nt  oT  resist8-c6  for 
each  case  is  constant  throughout -the  length  of  the  birder  it 
7/111  be  shown  graphically  by  a  straight  line--  parall-'l  to  the 
girder  axis . 


The  points  of  intersection  of  thr.  strai-irht  lines  rs 
santing  the  various  moments  of  resistance  with  the  ci'rve 
b.^inding  moments  give   the  points  vrhere  the   cover  plat^  may  b^ 

C  Ut  .  Jr-  -       J  - 

This  method    is    shomi  for  a  girder  rith   trro  cover  pla-^es 


by  Fig.  73b. 


-a 7  ^-b»  '"^"cl  Uq   are  the  external  bending  mom^j\ 


ho  is  the  moment  oi"  resistance  without  center  plates;  Tt  v.ath 
ons  cover  plate.   (The  moment  with  tro  cover  plates  re^d  not 
be  plotted.  The  cover  plate  nearest  the  flange  should  extend 
irom  m  to  n,  the  outer  cover  plate  from  <ito   p.   These  ara 
theoretical  lengths  and  the  actual  plate  should  be  made 
somev/hat  longer  as  previously  stated. 
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_^Ths  flange  width   is  an   inport.^nt  featxtre  and   should  he 
carefully  considered   in  selecting  angles   and  plat.^s.      I1    is 
comrion   m  railroad,  bridge  practice   to   specify  that    the  con- 
pression  flange  should  bf:   supported  lo.terally  at    intervals 
not   greater   than  12   tim^s    its  v^idth,    this  being  aceonnlished 
in  hali-through  bridges  by  bracl^-ets   attached   to    th^  floor 
beams  and  m  deck   sp  ;ms   by  cross  frajr.es   and  horizontal 
f??2^"^i'      S  ^^^^   ^^    ^^  necessary  to  deviate  inaterially  from 
tnis   rule  the  flange   should  be  figured  as   a  column  or   the  rule 
given   in  Article   59  for   I  beaans  nay  be  applied.      For   th-s   saJ-e 
^^S^'f^^'^^!    ^^    ^^   "^^^   ^^    select   cover  plates   of    sufficient 

5       ^^.P^^J®°*   slightly  beyond  the  flange  angles   on  either 
side.      They   should,    however,    not   project  iiiore  than   about   2 
inches.      For   example  flanges   rith   6>'   x   6''  <g   should  have 
Plates  of   not  less  than  1.^"   and  not  more  than  16"    in  width, 
luxates  with  a  vadth   in   even   inches   should  preferably  be   chossn. 

74      CONITECnON  AHOLES  AITO   FILLERS.      It    is   necessary   eUher  to 

use  fillers  under  all  plate  girder   stiff  eners,  or   f.ls^   to  o-rnp 
the   sti^fener   L's   over   the  flange  L's.    There    is  but   little 
auference   in  the  cost   of   the  t^ro  m-thods  but    ;h9  former   is 
generally  preferred. 


Or.fi   objection  to   the  use   of  fillers    is   that  unless   the 

filler    is -riveted  to   the  v^eb   plate  by 
independent    ro^A^   of   rivets   thus  becom- 


an 


Crimped 
stif  f  en4r 


iff ener 
f-.?:d 
iSiler 


Elevation 


of  the  ?reb 


ing  practically  a  portion 
th:-.  rivets  connecting  the  stiff  ener 
to  the  web  are  reduced  in  strength 
since  they  have  to  carry  stress  through 
the  loose  filler  plate  and  thus  are 
subjected  to  some  bending.  This  is  of 
no  importance  in  intermediate  stiffen.- 
ers  which  se'r'/e  merely  to  stiffen  the 
v:eb,  but  should  be  considered  in  the 
case  of  stiff  eners  carryin.g  a  conce'-- 
trated  load  into  the  vreb .   In  such 
cases  if  loose  fillers  are  employed  an 
excess  of  rivets,  say  50  percent,  should 
be  used. 

The  use  of  tight  fillers  is  also 
advisable  in  some  cases  to  increase 
the  bearing  value  of  rivets  when  they 
are  limited  by  bearing  on  the  web 
instead  of  by  shear.  The  following 
example  illustrat-s  this;- 


Plan 


Fig.  74a. 


.ua  3, 
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Floor  B  earn  .'^/s "   vr r.b  . 


S1.rin*^er 
a  3/8" 

vrab  . 


o    o  o 


Str.i;ifT-.r 
b   3/8" 
T/eb 


0  o 


}:a;:.    =md 

shear  =  400^0    lbs. 


OMilO 


i  a: 


^■-'nd 


shear  ~  30000  lbs. 


Pi/ 


74a. 


n-SOOO^tS"   ^°J^-  ^^^^:^,^o^'\frinf^.rs   together  upon  floor  b-^am  = 
f..000   lb...      Allo.'raDle  unit    stress   psr   square    inch  upon  riiets  = 


Machine 
Hand 

for   3/8" 

ilachin'^; 
Rand 


Shear 
12300 


For   '7/i 
plates. 


riv(=tts 


Bearing 

24000 

200CO  10000 

above   units  give   the  following  values 

Bearing 
73  75 
65G0 


Shear 
7300 

6000 


th^  b'^f  Tf.-!?f  .^^''/'^"^^    '^'°''"  ^^^   ^11  ■I'hat   can  b^  used   in 
thus    C^   (field  rivets,   v*.ich  are  hand   rivets,    are    shovTi 


To   carry  40000  ,'   in   "-tringer  a,    there  are 


-  6  rivsts   to  connect    fh 

indicated    in  the  fi--ure 


6,   but    it 


is 


40000 
quir-d  — 

7875 
stiff ener  angles   to   the  web.      As 
the   largest    nunber  of   rivets   that    can 
inadvisable  to  count   upon  those    in  the 
should  be  added   if   the  filler 
h-.nce    it    is   necessary   either  to   use 

rivets    or    -Ise   a  ride  filler  to    in- 
The    latter  r/ould  be   cheaper  an.d  con- 

, ,  ^   ^    ^   ^il?--^'/;    therefore^   be  made  trider 

the  veb  bv   ti"'o\  rl  vRt .q   nn    nrirm- i  n-^i   stress 


be     used    is 

f lange ,    and  add  it  i  onal  r  iv  f  t  s 

is   to  be   a  loose   one 

vrider  Ls  v^ith   ti"o   rows   of 

creasp   the  bearing  value. 

sequ-rtly  advisable.      If   the   filler,    therefore- "be 

and  connected  to   the  web  by   twd'^^^ets   an   addition 


eo     .1    to _ that  which  t-.vo  rivets   could   carry  can  be   takeii  from 
th-^  web    IP,,  0   the   filler  and  by   thctt    carried    into   the   rivets 
connect^n^  the   sti^feners.      As   these   rivets  would,    however, 
navd  to  carry  a  considerable  bending  moment    in  addition  to 
tne   direct    shear    it    is   advisable  to  mahe   a  liberal   allowance, 
hence    it  yould  be  well   in   this   case  to   use  four  riv3ts    in  the 
t  111 '-,rs_  placed   directly  opposite  those    in  the   stijfferers. 
ine   stringer  would   then  be   as    shovni   in  Fig.    74b. 
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^ne  other  point   yet   remains  io  "b©  consiclf^rfd, ,   vir,,   the 
shearing  value   of    the  rivets.      The   joint   has   so  far  been 
designed  to  pftrmit   the  stress   to  be  ta^^en  out   of   the  vreb 
plate    into   thf  rivets;    can  the  rivets   carry  this   stress    into 
the  L'sT      As  the  tliickness  of   the   L's    is  not    restricted 
they   can  be  given   sufficient  bearing  area  but   car',  ths  rivets 
carry  the  stress  vrithout    shearing  off;' 
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40000 


6000 
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Pig.  74b. 


As  the  riv; 
are  needed 


in  doubl'^  sh'sar  thers 
rivets;  hence  the 


sufi 

ICl 

^ait 

be 

n?c 

'rS3— 

to 

use 

nts  are 

40  00  0 

14400 
number  needed  for  bearing  is 
for  shear;  otherT,^ise  it  vrould 
e.ry ^    despite  the  v/ide  filler-, 
vrider  stiffener  L''s. 
The  connection  of  stringers  to  floor 
beam  may  be  treated  in  a  similar  mann'^n 
12  hand  rivets  are  shown.   These  have 
to  carry  in  single  shear  the  ma^r.shaar 
in  a  single  stringer,  i.  e.,  40000   'lbs. 
They  also  have  to  carry  65000  lbs  in 
b tearing  upon  the?  web. 


<C  12  hence  there  are  enough  in  shear 


6500n 


6560 


=9  (+)  or  10,  hence  there  are  also  enough  in  bearing. 


75   i^B  SPLICES.   Q-vTing  to  the  limited  length  of  plates  vrhich 

can  be  rr^lled  it  is  frequently  necessary  to  splice  the  webs  of 
long  and  deep  girders.  The  lengths  obtainable  are  given  in  the 
diTferent  handbooks  (See  "Gar.ibria  Handbook,"  1907  edition, 


pages  < 
Figs,  75a, 
Splices. 


et   s  eq 
75b. 


)   and   determine  the   location  of    the  splices, 
and   75c    shov  several  methods   of  making  such 
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Fig.    75a. 


Fig.    75b 


Of   these  the  type  represents   in  Fig. 
pearance  and   is  recommended  for  use. 


Fig,    75c, 
75a    is  best    in  ap- 
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In  flesi.minr  r  r'^'b   splics   it    is   clenira'ble  1o  rnak'^   the 
splice  plat-^s    equp.l  to  th-   r^':   both    in   Phearin^;  anri  \)f:-'-Aing 
str'-infthj    this  'h-in{"   i^   eccordar.c-?  "•itl'    th?   .■^■;;" '■■^rnll:;'"  i'ol- 
loved  rul-'.    in   -ood   d=^nir:n,    tc  nal:?   tr;-^   d'^tailn   as   aircrc:  as 
th-3  T-;:.n"b«^r. 

Since  tv.'-o  splice  plat:-5  shoul,^  alrnn.^-s  "be  urif-.d,  or,c  on 
each  sic'5  oi'  the  v^^h ,  it  is  seldon  nece.^sary  to  nak^-  these 
plates  thi3j-''r  thr.'\  th-  r-inrr-.u'"..  allowabl-  thicVr..^-'^':^,  thou.-h 
i".i  the  00*36  of  r:irdprs  x'^ith  very  thick  v:?h3,  or  of  ^ihj^.lloTr 
girders  -^xt'r  '"ide  leg-^ed  flange  arijles  it  i3  snr-i.f'ti'-ifts  re- 
cessar:'  to  exceed  thir?  ■-•.inimirr..  Ir.  "nch  C3.ses  the  lhic]';"'eP3 
shoul  ^'.  he  c  of-.X'Ut  f-d . 

The   co^'iputat  ion  for  t"-e    splice   shorr.    in  }''ir.    7;5a    nf   the 
mniiber   of    rivets   required  to   carry  the   cor.hined  si' ear  and 
be-\din£7   is  r-ore  difficult.      The  nethO'l  griver    in  Article   GV 
i.'5   api-^licable  bu;    is    less    sinpla   to   apply,    giv':?s  b-.it    sliiTj-.tly 
different   >-es-alt3   and    is  probably  no  iriore  nearly  correct 
tJ".an  the  follov'ing  r-i^thod. 

It.  r''^^ i,""" '."■-  for   this  case   o.smme   the  n\:riber   anJ   loca- 
tion  o"f    t'-e   ri--'ts    in    cri^:   ro~  and   thai    the  resistance   of    the 
rivf-t    to   tr^rsion  acts  parall.^'l   to    ti-e  rJ<is   of    the   girder,    that 
is,    that    it    acts    in  th<-^   savie   dir'-^ction   as   the   f lan|^s_f  i'-re  ;^  ^^^^^^ 
stresses.        TJien  corrpute  the  value   of   the   rivets^-^.nd   sl'iear ,  ^      '      ' '- 
and  decide  upon   the   nuinber   of   rorrs   needed.      It  -itIII   ordinarily 
be  found  ths.t   at    least   t-'o   rovrs   .are   require',    anri    that    the 
rivets    in   eruc:".  rov/  ."xist  be   spaced  not   r;.ore   thai\  ?"    centre   to 
centre. 

In   order   to    illustrp.te  the  -^thod   of   computation  the 
STilice   sho-rn    in    Fig,    756.  rrxll  be   considered. 

Assuns   the  ^eb   of   ^-irder  tn  be   61 ''   x   7/16"    a^d    the   angles 
C   :■:   7.-^1/2^'    X  9/l(-;".    If ^3/8"   be   the  ninimun  allocable   thicn- 
ness   of  metal   ti-.e  ?ninimu  •   splice  plates  T.-ill  be^  54"   y.  '^I^\ 
and   since   th;^    cor.bi'-^ed  thicloiess   of.  these    is   ;y4'"   vrhich    is 
r,^ich    in   excess    of    th.e   7/l6"   -^r^Co ,   rhil -^  the   depth   is  but    sii.rht- 
ly   less  than  that    of   the  re:-,    it    is    evide-t  t-at    the.  sine   of 
tha  plat-^s  vrill  '-e   sufficie-.t,    Th^   arra.nger.'^-nt    o-P_^rivets  nust 
■'lext  be    exaninftd*   T' r:  figure   shov''"   f^ur  j-'ovrs    in   alJ   v^ith   tre 
rivr^ts   5"    centr'^-   to   centre  vc.itr    is    as  near  to -etrf"  as   the 
rivets    should  be   spaced.    Th>  ne>-t    sten    is   to  find  the  bending 
mom ^: at  \7hich   the  r-Vr    ca:\  b".^ir-.    This  r.av  bf   four^l  apnroxinal  ely 
r.nci  v/ith    sufficient   accvjrp.cy  for   our  pun>o-^©  ^^7   ta.hing  the 
produ-ct    of.    l/l£   the  rsb   rrea,    the   allcrrable  unit   stress,    and 
the    ■■'istance' betveen  the   centres. 
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Pig.    75rt. 


of  gravity  ^jf  the  flanges,   this  heing  merely  the  rfeversal   of 
the  nethocC^in  determining  the   proper  alloT?mnce   lo  mal:6   for 
th3  T^-eh    in  dev&loping  the  fomula  for  flaiige   area.   For   Ihe 
example  undsr  consideration  the  follo"Pring   equations  will   be 
obtained. 

1  3 
Bending  resistance   of   vreb  ==  l/l2 .    61    .    7/I6  x  (61 1-)  x  f 

2  4 
and   if   f ,    the   allowable  unit    stress    in  bending  be   tal^en  as 
16000  #  the  bending  resistance  will    equal  2,126^00    inch  lbs. 
It    is  next   necessary  to   detennini?   the   resisting  momi^nt    of    one 
row  of   rivets >      Let   the  b<^aring  value    of   the   rivets  be   taken 
as   20000   and   the   shearing  value   as    10000   IbSoper   square   inch. 
The  limiting  value   of    the    rivet    is    evidently    its  bearing  value 
on  the    7/16"   -web  which   eqtials    7/8   x   7/I6  x  20000  =  7650.      If 
the   shear   is   assumed   to  be   distributed  uniform.ly   over   the 
it  may   also  be   assumed  as  uniformly  distributed   over   the 
splice  rivets.      The   total   shearing   strength  of   the  plate 
10000   lbs,    per   sq.    inch   i s  61  x    ^  x   3  x  10000   (allowing 

16        4 
reduction  due  to   rivet  holes)   =  200000   lbs.    If    it  be   as- 
sumed that   two   rows   of    rivets   are   required  on   each   side   of 
the   splice   the    stress   per   rivet  will  be   2Q000Q  =  5550   lbs. 


web 

at 

for 


36 


The  value  of  the  rivet  in  bending  will  then  equal 

v^76507<^^  (5550'52  =  5370  lbs.   It  is  clear,  however,  that  only 
the  top  and  bottom  rivets  will  develop  this  stress,  and  that 
the  stress  which  the  otner  rivets  may  be  counted  upon  as  carry- 
ing vnll  depend  upon  their  distance  from  the  neutral  axis  as 


f<^ 


;f3A-t    ?i 


Ctif  ,6-., 


?  ri  'csn  j  .  j&d  > .  '.e  i'ft-.yi/r    lo 


.'ii . 


126 


indicated   in  Fig.    75e   in  which  the   rivet   at  m  carries  (|)527C 


As   the  resisting  mement   of   each  rivet 
5870 


equals    its   allocable   stress   multipli-d 
hy  thft  distance  from  the   neutral 
axis   thf^   r^isisting  monent    of  ths  rivet 
^       al.   m  =  5g 70:^.2   and  th?   resisting  mnraent 

of    av    entire   vow  of   rivets    -c^tsbIs   X^{^270) 
•^  a 

For  the   case  under   consideration 
a  =  25-1/2^'/,  the   allowahl-.  mom-nl    T^hich 
onf.   row  of   riv'-ts   can  "b^ar  = 

5270  ^  25-1/2 
2  . ~  ^^        X3  in.  lbs, 

2  5.5   '  1-1/2 
^  2  r   20.7  X  (25. 5^  +  22.52  +  19.52  +  1^.5^  +  1?.52  +  lO^S^ 


Fig.  75e. 


7.52  +  4.52  +  1.53)  =  414  X  2180  =  902500 
rov^s  will  carry  1,815,000  in.  Its.  which 
^reh  was  figured  to  carry, 
the  splice  is 


than 
lbs.  , 


ths  girder 
th  are!  ore 


in.  Ids.  hf-'.ce  two 
is  soin':'what  I'-ss 
to  carry,  viz.,  2,126,000_  in, 
not  quite  strong  enough. 


Th; 


deficiency    is,   horrever,    not   large   and    is    offset   to   some    ex- 
t--ni    by   the  fact   that    the    shear   is   no"!    distributed  uniformly 
over  the  web  but    is   a  maximum  at    the  neutral   axis,   h^-ce    i^e 
rivets   n'=^ar  the  neutral  axis  may  be   assura---d  to   carry  more   01 
the   sh-^ar  than  the   extreme  rivets.    Since   these   riv.-ts   have 
b^en  counted  upon  to   carry  practicnXLy  no  bending  mom-., c    tnis 
more   accurate  method  would  result    in   increasing  the   compui.o. 
bending  resistance   of    th'-   rivets.      To   determine    "^^^■^'^^^''l^., 
distribution  of    the   shear  and  Ih-  proper  a:nounv    to   br   cariiea 
by   -ach  rivet    is   somewhat    laborious   and  will  not  be  at(»mpTea 
h«rs  but    it  should,  be   noted  that   an   increase    of   500   lbs.    m 
the  allowable  bending  resistance   of   the   out -r  riv-ts   and  a  pro- 
portional  increase   in  the   other  rivets  would  be   sufficient 
to  bring  the  moment    of   resistance   of   th^.   two   rows   of   civets 
up   to   the  reouired  amouni  ,    and  that   this    increase  would  re- 
quire  a  decrease   of    only  .-^00   lbs.    in  the    amount    of    shear   to 
be  ea,rried  bv  the    extreme  rivets  with  a  correspo-dang   increase 
in  the    shear  to  b^.   carried  by    .  h'^   rivets   nee.r   the  neutral   a^s., 
and  that   such  a  cliang-    is   a  very   r-,*a?onable   one  to   assumr. 

^.'ere  the  defici^tncy  gre^ater   it  would,  b^  r-cessary    xo  .Ui.e 
thr&e- rows   of   rivets  which  would  reduce  th-   '^hearing  force 
per  rivet   and  henc=    increase   tie  resistance   to  bending,    or 
to  use   a   smaller  rivet    pitch   so   as    to   get  ^o^!^/^''''"^^^^''.^^^ 
row.    It    is   undesirable,    how->v^r.    to   use   a   smaller  pitch   r.  an 
?" 

use   thr'-e   rows,    or   else  giv^  up   the   attempt   to  maxe 
as   strong   in  bending  as   th-  -eb  ,    and   instead  place   ^J;/      ^ 
point  where   the  flange    is  noi.  fully  stressed   and  honco  wh.re 
the  full  bending  resistance   of    the  web   need  not   be   ^ount-d 
upon.      The   point  where   the   excess    in  flange   area  ^^,%^^^^^^^^^-* 
to  make   up   for  the   deficiency    in  the  strength   of   the   jplac  e 


and   although  2    ^4"   migfet  be  used   the   gam   in  ber.ding 
nent  would  be   litUe   and   it   would   S'-em  more    desirably   splice 
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can  be  readily  clet-^i->T!iJm7d  analyti<jally  in -.g?ii'5«^^-Td-i^re  the 
mora?-nt  can  be  Qxpvessed  iir*?;i>|' >:^-*c>^y  s-m}^  it  is  only  necess- 
ary tD^-det^i'nl'.nL-  -wh&r-e  "^h-e  actual  rK7i?*Ti-  is  1<='SP  t>?."  the 
moment  of  resis-b^ance  of  the  full  cross  section  by  an  amount 
equal  to  or  greater  than  the  deficiency  in  bending  resistance 
of  the  rivets,  and  to  place  the  splice  som'^where  inthis 
space.  ■^Tiere  the  momant  can  not  be  exi-rrossad  analytically 
the  position  of  •*'ho  splice  can  be  detex*mined  graphically  by  a 
similar  method  to  that  giver  in  Article  73.,  that  is,  by  draw- 
ing curves  to  show  the  actual  moment  and  the  moment  of  resis- 
tance. In  applying  this  to  the  case  in  hand  the  moment  of 
resistance  should  be  made  equal  to  the  moment  of  resistance  of 
the  full  section  minus  the  dox'iciency  in  the  moment  af 
resistance  of  the  splice  rivot.s.   Since  for  such  girders  the 
curve  of  moments  would  ordinarily  bs  drawn  in  order  that  the 
cover  plate  lengths  may  be  detorm.ined  the  application  of  the 
method  would  require  only  the  addition  to  the  f igura  of  an 
extra  horiziontal  line. 

The  above  method  is  for  a  splice  which  will  be  as  strong 
in  bending  and  shear  as  the  web.  It  shcuM  be  stated,  how- 
ever, that  frequently  the  web  has  considerable  excess  strergth 
in  shear  at  the  point  where  it  has  to  be  splicbd,  and  that _ m 
consequence  it  is  not  absolutely  necessary  to  maJ'e  'the  splice 
as  strong  in  shear  as  the  web  siace  if  it  is  sirong  enough  to 
carry  the  actual  shear  it  will  do.   As  a  general  rule,  hov>rov9r, 
it  is  aesirable  to  make  the  detail  as  strong  as  the  member, 
and  this  rule  should  be  adhered  to  unless  good  reason  exists 
for  a  deviation  from  it. 

76  FLANGE  ANGLE  CPLIOES.   In  very  long  girders  it  is  frequently 
necessary  to  splice  the  flange  angles,  i^'hen  this  has  to  be 
done  only  one  angle  in  each  flange  should  be  spliced  at   a  sec- 
tion.  A  comnon  practice  is  to  splice  the  top  angle  on  one   ^ 
side  of  the.  girder,  and  the  bottom  angle  on  the  uther  side  a  f. 
a  section  a  little  to  one  side  of  the  centre  of  the  girder,  and 
to  reverse  this  process  for  a  corresponding  section  on  the  or-her 
side  of  the  centre.   The  splice  should  always  be  made  by  ano- 
ther angle  the  cross  section  area  of  which  should  be  equal  to 
that  of  the  angle  to  be  spliced.  In  order  to  simplify  the  con- 
struction the  splice  angles  for  the  tension  flange  should  be 
exactly  like  those  for  the  compression  flange,  hence  the  net _ 
area  of  the  splice  angle  should  equal  the  net  area  of  the  raaan 
angle. 

In  order  to  obtain  a  splice  of  neat  appearance  and  whicn 
answers  the  above  roquiremt^nts  it  is  usually  necessary  to 
select  an  angle  with  the  same  width  of  legs  as  the  mam  angle 
but  1"  or  _1"  thicker,  and  plaxie  off  the  projecting  legs  so 

16      8 
that  they  may  be  flush  with  the  main  angle. 

The  following  example  illustrated  this; -Determine  the 
splice  angle  required  for  a  6"  X  6"  X  _!"  flange  angle.  The  net 

2 
area  of  the  main  angle  =  5.75  -  1 .00  =  4 . 75  sq.  in. 

The  net  area  of  a  6"  x  6"  x  9"  angle  planed  to  fit  the  6 

16 
X  e*  X  1«  angle  =  61.44  -  1.12  -  2(_9  X  1.  )  =  4,76  sq ,  in.  hoiicc 

2  19   2 

this  angle  has  Just  the  right  area  and  should  be  used- 
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F"lg>    7(^-   -Lzows  by  crcrss  hs.tching  the  pmi-don  of   the  angle 
to  b-6  cut   off.      The  outer  corner  miist   also  be  round-ed  off 
fit   the  fillet   of   the  main  angle. 


to 


y 


Fig.    76a. 


The  number  of   rivets  required  in  the  splice  angle  may 
deterninod,    if   thcrcj  are  no   cover  pl&tes,,    by   compirci-ag  the 


be 


stress  which  the  angl a  can  b3ar  and  cdVLding  it  by  the  value 
of  one  rivot-  the  iv/x-sr'.ng'uh  of  the  rivet  being  gen-jrally 
limited  by  single  shaar.   If  tho  angles  are  equal-legged  one 
hal:f  the  number  of  rivsbs  ncedod  should  be  used  in  each  leg. 
If  the  legs  are  unequal  each  lag  should  have  its  proportional 
part  of  the  total  rivets  requirca;  e.g.  if  a  6"  x  4"  ang] e 


IS 


1  "^ 


to 
rivets 


be  spliced  and  if  20  rivets  are  needed  in  all  put  6   20= 

IC 
leg,  and  4  20  =  8  rivets  in  the  4"  leg. 


in  the  6" 


and  4_ 
10 

Cover  plates  are  generally  required  in  girders  the  flange 
angles  of  ivhich  liave  to  be  spliced  and  in  such  girders  the 
number  of  rivets  needed  may  be  (joraewhat  in  excess  of  the  num- 
ber required  to  carry  the  total  stress  which  the  anginas  are 
good  for,  since  the  increment  in  stress  in  a  distanc3  equal 
to  the  length  of  the  splice  angle  must  be  taken  care  of.  Re- 
ferring to  Fig.  7Bb  it  is  evident  that  the  rivets  at  a-a  must 
carry  from  the  flange  into  the  cjplice  angle  in  tlie  distance 
n  one  half  the  increment  in  flange  stress  in  that  distance 
the  other  haJ-f  going  through  the  same  rivot  to  the.  flange 
angle  on  the  left  hand  sid-..)  plus  one  half  the  stress  in  the 
main  angle  at  m  (  sirca  the  ar.gle  is  squal-legged ) »  The  rivets 
at  c  should  be  computed  to  carry  the  same  smouni-  since  it 
is  pi-oper  to  assume  that  all  the  increment  in  flange  stress 
is  carried  by  the  cover  plates  the  angle  being  fully  stressed 
before  cover  plates  are  added.   The  rivets  at  both  a  and  c  are 
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Figo    7Gb . 

iSlv^'^qfn^^^ii;  ^^  ^-""^'^^^  ^^'®^'''    ^^  ''^^-^^l^  ^«  designed  accord- 
cent^;   ni     t.     ^  F^''"'  ^'''^-^^-   ordinarily  be  placed  near  the 
centre   of   the  girder  where   the   increm^^nt   in  flange   stress   is 


siTiall,    It    13   usually  sufficient   to  determine  the  number 


of 
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rivets  reqiirred  to  splice  the  angle  asmuning  it   to  be  stressed 
to   Its  full  rains  and  to  add  ono   or  two  rivets  to  carry  the 
flange  stress   i2ic?i^fflont .      If-no  cov^er  plates  l^e  needed  it   is 
unnecessary  to  consider  the   increment   in  stress   since   if  the 
splice  rivets  be   deterurlnod  for  the  full  value  of    the  angle 
this   stress   is   surely  equal  to  the  stress   in  the   angle  at  m  ■ 
plus    the  incr-en^ent   in  mn. 

77     COVER   PLATE   SPLICE.      A  cover  plate   splice  may  alwavs   be  made 
by  the  addition   of   a   splice  plate   of    the   same    size   as   the 
plate   to  be  cut,    and  the  use   of   sufficient   rivets   to   transmit 
the  full  stress  from,  one  plate  to  another,   vrith  the  addi- 
tion of   a  liberal  percantage   of   extra  rivets,    say  33Vo  for 
each  plate   intervening  betvreen  the  plate  to  be  spliced  and 
the   splice  plate.      Such  a  splice    is   shoiifn    in  Fig.    77a. 

The  disadvantage   of    long  r;ivets    subjected  perhaps   to 
bending  moment   because  of   the    intermediate  plates   together 


n 


Pig.  77a, 


with  the  unsightly  appearance  of  such  a  splice  makes  it 
desirable,  if  the  girder  has  more  than  one  cover  plate  to 
splice  one  cover  plate  by  means  of  another.   This  may  be 
done  by  properly  choosing  the  section  vhere  the  splice 
is  to  be  made. 

14"  X  3/8"  plate   a j^'^^  s/Q"  Plate 


Pig.  77b. 
This  is  illustrated  by  Pig.  77b  in  which  the  lower 
cover  plate  is  to  be  spliced.   If  this  plate  be  cut  at  _a 
where  the  top  cover  plate  should  begin,  and  if  the  top 
plate  be  extended  to  b  mahing  the  distance  a  b  such  that 
enough  rivets  can  be  put  between  a  and  b  to  carry  the  stress 
that  the  plate  is  good  for^  the  splice  will  be  made.    If 
the  top  plate  be  thinner  than  the  bottom  plate  the  splice  woulf 
have  to  be  located  nearer  the  end  of  the  girdsr  at  a  point 
whore  one  cover  plate  of  the  thickness  of  the  top  plate  would 
be  Just  sufficient  to  carry  the  stress. 

It  will  be  observed  that  this  method  is  based  upon  th© 
transfer  of  all  the  stress  from  the  end  section  of  the  plate 
to  be  spliced  into  the  plate  immediately  above  it.  The  inter^ 
mediate  section  of  the  spliced  plate  instead  of  the  uppsr  plat 
will  then  taice  the  additional  increment  of  flange  stress. 
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C'TAPTEP  V. 
TRUSSES. 


78   TRUSSES  DEFINED.   A  truss  is  a  structure  composed  of  a  nunber 
of  separate  pieces  connecteci  at  their  intersections  only.   The 
connection  is  sometimes  made  by  plates  to  ■vv'-hich  the  minbers  are 
riveted,  such  a  truSs  being  called  a  riveted  truss,  or  so:Tie- 
times  less  properly  a  rivet-ed  girder;  or  else  by  large  bolbs 
or  pins  the  latter  type  rsceiving  the  name  of  pin  truss.   The 
points  of  intersection  of  ths  menbers  are  called  the  joints, 
and  the  outer  forces  should  be  applied  so  far  as  is  possible 
at  these  Joints  only.  This  is  acccnplished  by  the  use  of 
floor  beams  or  in  a  roof  by  purlins.  As  the  depth  of  plate 
girders  is  limited  by  the  available  rddth  of  plates  and  by 
the  inability  to  ship  by  rail  single  pieces  wider  than  than  10' 
-6"  or  thereabouts,  it  is  necessary  to  use  trusses  inhere  grsatei 
depths  are  desired  for  stiffn?ss  or  economy.   The  common  prac- 
tice in  the  Unitftd  States  at  the  present  time  is  to  use  beams 
or  girders  up  to  lengths  of  90'  or  loo';  riveted  trusses  above 
these  lengths  up  to  150'  or  175';  and  pin  trusses  abovc  Ihis 
length. The  use  of  shorter  pin  truss  spans  for  railroad  bridges 
has  been  given  up  because  of  lack  of  rigidity  and  consequent 
early  irearing  oiit  of  the  bridge.   See  figure  in  Chapter  I  for 
illustration. 

79    CLASSIFICATlOiT.  ;j.i  trusses  m.ay  be  divided  into  two  general 

classes  based  upon  the  ra^thod^  necessary  for  the  detei'mination 
of  the  stresses  in  the  memb.-rs;  if  these  ^ftrssses  can  br  de- 
termined by  statics  the  truss  is  statically  determined  with 
respect  to  the  inner  fo^c.^s;  otherwisr  it  is  statically  un- 
determined.  It  should  be  noted  that  a  truss  may  be  statically 
undetermined  with  respect  to  the  outer  forces,  ar.d  yet  be 
statically  deten^iined  with  respect  to  the  inner  forces,  and 
vice  v^ersa.   The  former  is  usually  the  case  with  draw  bridges, 
the  latter  with  the  double  intersection  trusses  frequently 
used  in  sim.ple  span  bridges. 

80   THEORY.   The  theory  upon  which  i he  ccmputation  of  truss  stress- 
es is  based  assumes  that  the  members  are  connected  at  the_inT,e: 
sections  of  the  centre  of  gravity  lin.es  by  f rictionless  pins 
and  that  in  consequence  the  stresses  are  direct  stresses.  That 
this  deviates  considerably  from  the  truth  for  riveted  trusses 
is  evident,  the  error  in  pin  trusses  is  less  but  nol  n'-gligibl6 
hejice  the  common  theory  of  trusses  is  by  no  means  eji^  exact  one. 
The  secondary  stresses  produced  by  resistance  to  motion  at  tiie 
joints  are,  however,  small  in  well  designed  trusses,  as  com- 
pared with  the  primary  stresses,  and  the  theory  based  upon 
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this  assumption  has  stood  the  teat  of  many  years,  is  in  general 
use,  and  its  approximatio.is  p.r<?  sufficiently  allowed  for  in 
all  ordinary  struxjtures  by  the  factor  of  safety. 

81    iiETHODS.   Ths  methods  necessary  for  the  computation  of  the 
stresses  in  statically  detBrroiivod  trusses  are  very  simple, 
and  consist  merely  of  the  application  of  the  three  equations 
of  equj"li,hrium  io  portions  of  the  truss,  these  portions  being 
chosen  in  such  a  v^ray  as  to  er.able  the  stress  in  a  giver,  bar 
or  bars  to  be  immediately  fo-und.  There  are  in  cormon  use 
three  methods  of  accompldshing  this  result;  the  method  of 
Joints,  the  method  of  moments,  and  th^  method  of  'Shears.  All 
of  these  ar^  applications  of  the  general  method  a:vi.  differ 
only  in  detail.   Iv.  the  comi->utation  of  a  truss  it  is  often  ad- 
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Fig,    83a. 
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vantagsous   to  employ  all  three  methods  choosing  for   each  bar 
that  which   is  best   adapted  to    it.      The  method    of    joints    is  the 
most   general   of   these  methods  and  vrill  be   considered  first. 

82  ANALYTICAL   METHOD   OP   JOINTS   DESCRIBED. 

Fig.    82a  represents   a   simpl.^  ti-uss   carrying  a   load   at   the 
apex„      Let   a   section  be   taken   around  the    Joint  at  _a   and  the 
remainder   of   the   truss   rsncved.      As    the    entire  truss    i?    in   equi- 
librium the   portion   enclosed  by  the   circTilar   sectio'^  m.ust    also 
be   in  equilibrium  and    the  problem  rescive-s    itself    into   that    of 
determining  the  forces    in  the  bars   consistent   with  equili- 
brium of   particular  portions   of   the  truss   cut    off   by   similar 
sections   taken  at   a   sufficient   num.ber   of    Joints   to  pei-miL    the 
determination  of   all   the  unknown   stresses.        Fig,    82b    shows 
the   condition  which   exists,    assuming  that    the   stresses    in 
the  bars   are   axial   stresses   this   being   in  accordance  with 
the  genera]    theory.      It    should   be  carefully   obsc-rved   that   this 
method  dealg  vrith  the   stresses    in  the  bars  rather  than  vrith 
the  bar^^heras elves. 

o^'  Referring   to   Pig.    82b    it    is  evident    that 

as    there   are  but   two   unkno^m  forces. 


T 


^  s 


Fig.    82b 


n-,    and    Sg,    the   two   equations   of    equi- 
librium., ZH  =  0   andiv  =  0  will  be 
Just    sufficient    to   determine    these, 
and   since   all   the   forces  meet    at    a 
point    the   equation  .^'M  =  0  will  be  sat- 
isfied by  any  value   of   S-i_  and   Sg   and 
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ns?;d.  not    ce   corsider-ri. .   ""ith  the   stresses    in  tars   ab   a^.d   ac 
thus   d=tc-rmin-^.d  a   3 set  ion  '-^.siy  i-t?xt   bs  taken   at    either   Joint 
b   01^   joint    c.  ^    and  the   stress    in  bar     be   computed   in  a   similar 
manner  thus   corr.pletirg  the  computataon  for   thin   truss, 

83  O'tARACTER   OV   STRESS.    Ths   determination   of    the   character  of 
thb   strsss    is   ofteii   mors   important    than  that    of    its  magnitude, 
as   a  bar   designed  for   t-^insion  m.ay  fail    if    the   stress    is   can- 
prirssion    9v'-;n  if    its   magnitude    is    small.    To   determine    its 
character   i+    is    sufficient   to   arbitrarily  assume    the   direction 
of   the   stresses  before   applying   the   equations   of    equilibriuia- 
If  \h:-   solution  gives   a  positive   result   for  a   stress    it    shews 
that   this    stress   acts    in  the   direction   originally  assumed. 

In   this   connection   it    should  be   carefully  observed  that 
the    internal   str?-sses    in   a  tension  bar  continually   tend  to 
shorten  Ihe-  bar,    that    is  to  pull   th'-    -nds   togeth'^r,   hence 
tension   in  a  bar   ali'^'ays   acts   away  from   the   Joints   at  b ol h    ends, 
and   c om.pr e s s i on  t OFar ds   the    Joint.s.    Fig.    82b    illustrates   this. 
Gg    is    sho7m  acting   a^ray  from  'he    Join\,    that    is,    in   t  ens  ion;  3-j^ 
on  th-    other  hand   is   assmr.ed    in  compression   and   is    shomi  act- 
ing jt^rvrartls   the   Joint,        If   the   Joint   at    the    top   of   the   truss 
should  nejxt  be   investigated    it   ?rould  be  necessary   to    shovr  3i  as 
acting   towards    that    Joint   also,    since   the   computations  give  a 
positive  value   for   Gl   thus    ir.dicating   that    it    act<=;    in   the 
assumed  direction. 

It    is    safer  for   the  beginr.er   to    assum..--   the    stres'^    in   all 
bars   as   tension  or  away  from  th^   Joint. Posit  ive   values  vrili 
then,   indicate   tension  and  negative  values   compression. Thi  s   is 
in  accordance  with    the   com.mon  but    not   UT^iv-rsal   convention 
of   representing  tension   (which   i-creases  th^    length    of    a  bar) 
by  a  plus    s  igii . 

84  DETERhJlTATE   A'-IE    INPETERiilNATE    STRUCTURES.    Vor    the   truss    under 
consideration  there   are   three  u-ik^\0'v.rn.  bars. The   str^-^sses    in 

two   of   them  have  teen   determ.ined  by  co"'Sidering  one   Join-     only; 
the   stress    in  the    other  m.ay  be   found  by   taking  eith-r  of   the 
other   Joints,    Since  by  taking  both  of    the    other   Joints   there 
would  be  four   equations   and   only   one    other   unknown  bar    ii, 
would   seem  as    if   th'-'re  were   too  many   equations  .This    is   not    cor- 
rect, however ,    as   these   equations  must    suffice   to   determine _the 
unknoviHi  reactions   as  well   as   the  unknoTm  bars;    since   equili- 
brium of    each   Join1    involves    equilibrium  of   the    frtire   struct-v 
ure,   that   is,    for   this  particular   structure   and   in  g-T.eral  for 
all   structures  which  are   statically  determined  with  respect 
to   the   ro'actions    th-r'--  must   b=    three  m.ore    equations    than 
th-r^    are  bars.    In   oth<^r  words   th>    6    equations   of   Joints   for 
this   truss   are  not    in d ep end '■•nt  but    are   r-^lated   in   such    a  manne 
as  to    satisfy  the   3  general   equations   of    e.iuilibrium.  for    the 
truss    as   a  whole, viz:   IX  =  0,  :?Y'  -  0   e.nd.ty.  ~  0  which  m.ay  for 
most   cases  be  replaced  tv  the  more  common   equations. 

/  H  =   0      '        1 7  =:    0  -^  K{  =   0 

There   are   therefore  for  truss    shown    in   Fig.    82a  but    •  3 
independent   equ-ations  Y/hich  can  be   used   in  determ.ining  the 
bar   stresses,    heiice   these   stresses   are   determinatvi. 
]n  general    it   may  be   said  for   all  trusses  vhich  are      sta 
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cally  dstermined  -with  respect  to  the  outer  forces,  that  if  n 
equals  the  nurnbor  of  Joints,  2n  -  3  eqjxals  the  numlDer  of  bars 
which  the  structure  must  have  to  he  determinate.   If  it  has 
more  bars  the  stresses  can  not  be  computed  by  statics;  if  less 
it  will  not  be  rigid  and  will  collapse,  except  under  3ppci?.l 
conditions . 

If  it  be  desired  to  build  a  structure  which  because  of  the 
number  ^f  points  of  support  or  for  other  reasons  ordin- 
arily would  be  statically  uridetermined  with  respect  to  the 
outer  forcftv=!,  it  may  be  possiblf=i  to  make  the  structure  deter- 
minate in  all  respects  by  properly  choosing  the  number  of  mem- 
bers.  For  example.,  in  the  case  of  a  cantilever  truss,  a 
diagonal  over  a  pier  is  sometimes  omitted  for  this  reason.  In 
swing  spans  also  diagonals  are  often  omitted  or  made  v^ry  small 

of  unkno'5'mp .   If  the  unknown 
four  it  is  evid'-nt  that  thore 
structure  is  to  bs  made  deter- 


in  order  to  reduce  the  numbers 
com.pon^ints  of  the  reactions  be 
can  be  only  2n  -  4  bars  if  the 
rainate . 


MODE  OF  PROCEDUHE.  ANALYTICAL  ilETHOP.  OF  JOINTS.  In  the  solu- 
tion of  problems  by  i  he  n--=thod  of  Joints  the  following  mod© 
of  procedure  should  always  be  adopted: 

1  -  Compute  reactions, 

2  -  Select  a  Joint  at  which  only  two  bars  meet. 

3  —  Assume  the  stresses  in  these  bars  to  b'e-  tension, 

that  is  t.o  act  away  from  the  Joint;  and  apply  the 
equations  of  equilibrium..  If  the  stress  in  either 
bar  is  found  to  be  negative  il  indicates  that  the 
bar  is  in  compression  instead  of  tension, 

4  -  Consider  any  other  Joint  at  which  only  two  unknown 
bars  meet  and  determine  the  stresses  in  these  bars  in  the  same 
manner  and  proceed  thus  until  all  the  stresses  have  been  de- 
termined. 


86    APPLICATION  OP  ANALYTICAL  liETHOB  OF  JOINTS.   Th'-i  following _ 

numerical  example  has  been  worked  out  to  show  the  application 
of  'his  m^-thod. 
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Put  H8  =  —  V3  =  _  Vj 
15      3 

40 


And  Ho  =  —  79  =  -  7r, 
"    30   ^    3   ^ 

/•  from  abov<?  equations  may  h---   obtained  the  following-: 

7500  +  7o  -^  V3  =  0 

4      4 

300GC  +  -  Vo  +  -  7g  =  0 
3   '    3 


Solving  V2  =  -15000  H2  =  -20000 
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Vo     = 
o 


^500    Hp,   = 


xna 


.0000 

.'-   So   =   150  00    X    5/3   =   250C^   (-) 
and   83  =  7500    X   25/15  =  12500    (-) 
computation  for   a  bar   such   as   8  may   son^timfts  b! 


advantageously  referred  in   other  than  horizontal   and  vertical 
axsjs.      If    in   this   particular   case   the   X_  axis  be   taken  along 
th^^   upp'=ir   chord  BF,    an.d  th  ■   y  axis  perpendicular  to    it  the 
co'vlition  at    the   Joint   Tvill  b=-   as    shorn   in  Pig,    8Ge,      It    is 
clr-ar  that    in   this   casp.   th":*   valii^   of    Yo    is   giv=-n  at    once  by 

the   '=^qug.tion  "7  Y  =  0,    aiid   eauals 
(-)    9000. 

Th?;   actual    sl.r>iss    in  the 
12000 

bar  = 

sin  e 


1000 


8000   =  -10000 
5 
,-4    ^. 


1200( 


(See     Fig.    8fia) 
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2    sin  X  cos   X 
12  000    X   25 


=-   12500    (-) 


24 


It  vrill  be  notic*?d  that  the 
str^-ss  in  this  case  has  bfen  de— 
t ■■•mir.-'-d  without    ref Trre-ice   to 


stresses   S-,    and 
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an  0.    1  s   a 


5000 


Joint   F 


15000 
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0 

dir-=-ct  function  of    th'^   siress 
in  bar   0   and  the  panel   load  at 


15000  "   10000  "  V3-SC.)  =  0 


20000   +    H^  =   0 

H3   =   20000    (-) 

and  V3  =  3/4   K3  =  -15000 

39   =      20000    (+) 

and   33  =  15000   x   5/3  =  25C00   (~) 

Cince  the   truss    is   syrmfttrical   and   ih9.  loads   are    also  sym- 
metrical,   the   stresses    in   the  bars   of  on-'r  half    the   truss   are 
identical   with  these    in   the  bars   of   the   other  half,    hence  fur- 
ther  computations   are  unnecessary. 


lio 


As  a  check  consider  Joint  G  vrhich  will  have  forces  acting 
as   shown  in  Fig.   86g. 
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It    is  evident    that   these  forces   are    in   equilibrium  hence 
the   str*isses  ar>^  check&d  to   a  certain  extent.    In  practice  fur- 
th'F^r   checks   should  be   applied. 

It    should  b^    <»srecially  noted   that   (-)    signs   in  all   cases 
yrY^V'-   th^  unknown  stresses  have  bean  assumed  as  tensiion  show- 
that  compression  actually  exists,    and  that    in  all  truss  pro-^ 
blf.ms   hereafter  considered,  tension  will  be   considered,   as   {  +  ) 
ar  d  c  ompr  es  s  i  on   ( - ) , 

87  GRAPHICAL  MPITHCD   OF  JOINTS   DESOfRIBEP.      The  analytical  method 
Just    given   is  perfectly  general  but    too   laborious   to   use    in 
determining  the    stresses    in   all  the  bars    of   an  ordinary   truss, 
though   i!.  may  be   used  with  gr^at   advantage  for  certain  specific 
memb'--rs.   A  graphical  method  based  upon  the  same  principles    is 
well   adapted  for  many  typf.s   of   trusses,   particularly  roof    truss- 
<='S  with  non~parall=l   chords,    and   should  be   thoroughly  understood. 
This  method   consists   of   d.rawing  polygons    of   forces  for  each 
Joint    in  success i_n,    the  polygon  being  so  combined  as  to  con- 
siderably r'=*duce   the   labor  which  would  he  required   if   each 

Joint  were,  to  be  considered  separately.  The  strj-sses  in  the 
bars  can  b--  obtain'id  by  scaling  the  sid^s  of  the  polygons. 
Likr'  oth--r  graphical  processes  this  method  is  less  precise 
thrm  analytical  m.sthods  and  errors  in  scaling  the  stresses  are- 
easily  made  and  difficult  of  detection.  The  closure  of  the 
figure,  how^^v^r,  indicated  that  no  error  of  importance  has 
be  tin  made    in  the  graphical  work, 

88  KOUS  CP  PB.OGELURE  -  GRAPHICAL  liETHOP  OP  JOINTS. 


1  Draw  a  sketch  of  the  structure  to  any  suitabl'V  scale  and 
shov^  nil  it  all  the  outer  forces  including  reactions. 

2  Designate  all  the  forces  and  bars  by  letters  so  located 
that  each  force  and  wach  bar  will  lie  between  two  letters 
and  only  two.  For  illurtration  of  this  see  Fig.  89a. 

3  Lraw  a  polygon  of  outer  forcp<s.  This  should  bs  drawn  to 
a  scale  of  sufficient  size  to  give  the  desired  accuracy. 
The  forces  should  be  plotted  in  the  order  in  which  Ihey  are 

reached  by  going  around  the  figure  in  a  clockwise  dir-ction, 
and  should  be  lettered  at  th^  ends  by  the  letters  in  the  order 
obtained  by  this  clockTris©  rotation.   This  polygon  should 
close  if  the  reactions  have  been  correctly  determined. 
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^nf  1.   T^i"*   °^  ^°^^°^  ^°^  ^^^   *^-^-   J°i^^^  beginning  at 
any  Joint  vhere   an  outer  forct   and   two   bars   only  me-€   and 
proceeding  thence  by  joint   sslecting  the   Joints    in 
sttch  an  order  that   at   no   Joint   will   there  h'n  ore    than   twn 
undetermined  forces   to   consider  ^   ^^" 

^J^onfi'^'r   ?^   *^®^^   triangles  which  represent    the   outer  forces 
should  bs   the   sides    of    the  force  polygon.    The   sides   reprPseiJin^ 
f'T   'fr^'^'^^'"'-^  ^^   le^ttered  at   the    ends  by  thel^^teJs    obl^ 

Th-     d?iL^".T  ^'^'"^'-   '■■^'^   ^^^^^^^^    i^  ^  clocK^ise  direction. 
Th.   diagram  thus  ••       ira^m   should   form  a  closed   figux^e 


5     Determm?    the  magnitude   and   charact 

from  the  diagram.    The  magnituds-    of 

equals    the   length   of    the  line   of    1h 

th-   bar   in   question  measured   to   the   sc 

Its   character    is   determined  bv  the   ord 

are  reach.^.d   in  going  about   a   Joint    in" 

to   determine   the  character 

note   that    GI    in  the    stress 

the   left   as   detenr.infid  by 

reached   in  going  around   Jo 


Por  :^xample 
of  Pig,  89a 
do-wnward  to 
letters    are 


in  CI   also  acts  downward  to^'the   left 
since   the  bar   is   above  the   Joint,    and 
sion.      A   similar   result    is    obtained  by 
For  this   Joint    clockwise  reading  gives 
bar   as    10   and   IC    in  the   stress   diagram, 
right,    that   is   towards    Joint  4,    since 
Joint.  ' 


sr   of  the  bar   stresses 
the   stress    in   any  member 
0   diagram  parallel   to 
ale   of   the  force  polygon, 
er    in  which    th?^   letters 
a  clockwise  direction, 
of   ths    stress    in  bar   CI 
diagram,    Pig.    89b,    acts 
the  order   in  which  the 
int    (2),    hsnce  the   stress 


or,    towards   the    Joint, 
is,    therefore,    comp res- 
considering   Joint   4, 
the   desig:-iation  of   the 
acts  upward      to   the 
the  bar   is  belov/  this 


<^.^   TlieBxam,.le  which  follows   represents    clearly   thr    applica- 
tion  of    this  method   and   shows  by  the   closure  of   the    diagram 
that   no    error  of    importance   ^         '  "       ■ 

work . 


has  been  made    in  the  graphical 


89        APPLICATION   OP    GRAPHICAL   iiPT^lOD    0?    JOINTS. 
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Pig.  8913, 


Fig.  89a  shoT.'S  the  structure  drami  to  scale  and  7/ith 
all  the  outer  forces  represented  in  direction  and  point  of 
application.  The  force  polygon  is  ABCLEFGA  in  Fig.  89b 
which  is  a  straigh.-^,  line  since  all  the  forces  are  vertical  In 
it  AB  =  Pi,   BC  =  Pg ,  etc.   The  reactions  Ri  and  R2  represent- 
ed by  GA  and  FG  may  "be  determin-ed  analytically.,  or  graphically 
by  methods  given  later. 

The  triangle  of  forces  is  first  drawn  for  Joint  (1).  The 
forces  which  act  at  this  Joint  are  R^,  ?i ,  the  stress  in  bar  BH, 

and  the  stress  in  bai*  HG,  and  these  forces  must  be  in  equili- 
brium.  Cf  these  P^  and  R±   are  knovm  in  !^^.gnitude  and  direction 
and  their  resultant  equals  GB,   BH  and  HG  are  known  in  direction 
but  not  in  magnitude,  hence  there  are  but  two  unknown  qua.-'iti— 
ties,  and  it  is  evident  that  th^  value  of  these  may  be  found 
by  drawing  a  polygon  of  forces.  The  figure  GAEHG  is  such  a 
polygon  and  is  obtained  by  drawing  from  B  a  line  parallel  to 
BH,  and  from  G  a  line  parallel  to  GH.  The  lin-.  HB  m&asured  to 
the  same  scale  ag  the  force  polygon  gives  the  magnitude  of  th6 
stress  in  the  bar  BH,  and  the  line  HG  gives  the  magnitude  of 
the  stress  in  the  bar  HG.  It  remain  to  determine  the  char- 
acter of  these  stresses.   Considering  Joint  (1)  and  reading 
around  it  in  a  clockwise  direction  starting  with  B,  EH  is  found 
to  act  downward  to  the  left,  that  is  from  B  toward  H  thus  show- 
ing compression.   In  the  same  manner  the  stress  in  GH  is  found 
to  be  tension  since  it  acts  from  K  tov/ards  G  or  away  from  the 
Joint.  This  method  would  not  be  correct  had  not  the  external 
forces  been  plotted  by  going  around  the  figure  in  a  clockwise 
direction,  but  it  is  evident  that  thir  being  done  the  method _ 
is  correct;  since  in  order  to  have  GA,  AB,  BH,  and  HG  in  equi- 
librium the  stresses  in  BH  and  HG  must  act  as  stated. 
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The  next  Joint  to  be  considered  is  Joint  (2)  since  there 
are  now  but  two  unknown  forces  acting  there  and  they  can, 
therefore,  both  be  detenainod-  To  ob-tain  them  drav^'-  C  I  and  H  I 
in  the  force  polygon  parallel  respect ivsly  to  the  corresponding 
bars  in  the  truss;  they  will  intersect  at  I.   CI  acts  tovmrds 
Joint  (2),  and  IH  also  acts  towards  the  Joint  hence  compression 
occurs  in  both  these  bars.   In  a  similar  nanrer  the  stresses 
in  the  other  bars  may  be  determined, 

90   INDETERMINATE  OASES.   The  ra-^thod  of  joints,  graphical  or  analy- 
tical, is  perfectly  general  and  applicable  to  all  trusses,  but 
in  order  to  apply  it  successfully  to  some  types  of  trusses,  it 
is  necessary  to  choose  the  method  of  procedure  with  cars.  For 
example  in  solving  by  the  analytical  n?.thod  the  truss  shown  in 
Fig.  90a,  it  is  not  possible,  to  consider  the  Joints  in  success- 
ion beginning  at  the  abutment,  but  after  Sulving  the  bars  BL, 
CM,  LM^  A'lN,  LK  and  NK  it  is  desirable  to  deterrain.^^  PQ,  doling 
this  by  applying  the  equations  of  equilibrium  referred  to  axes 
along  t}ie  top  chord,  and  at  right  angles  to  it,  and  then  to  de- 
termine PO  using  as  axes  the  bar  OR  and  a  line  at  right  angles 

^'   to  that.   It  will  then  b^  possible  to  figure  the  stress  in  the 
.-undetermined  bars  of  that  half  of  the  truss. 
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In  the  icrraphical  solution  of  this  structure  a  similar  diffi- 
culty also  arisBS.  Aftsr  the  stresses  in  bars  BL,  OM,  KL,  U.{^ 
MN,  and  NK  and  the  corresponding'  bars  in  the  other  half  of  the 
truss  have  been  det^ermined  no  Joint  exists  at  which  only  tw) 
unknown  stresses  act.  To  oveLTc-ane  this  diffijculty  the  fol- 
lowing device  may  be  employed:—  Consider  the  truss  shovm  in 
Fig:.  90b  in  which  bars  PQ,  QR,  RO ,  and  OP  of  the  original  truss 
have  been  replaced  by  bars  xy  and  yr.   The  truss  is  still  de- 
terminate since  on*^  joint  and  two  bars  have  been  eliminated. 
Moreover  the  stress  in  Ey  equals  that  in  EQ  since  if  the 
stress  in  EQ  be  computed  by  the  analytical  method  of  joints  in 
the  manner  just  described,  but  working  from  the  right  end  of 
the  truss  its  value  is         clearly  seen  to  be  independent 
of  any  possible  arrangement  of  bars  on  the  left.  The  stress 
diagram  for  the  new  truss  may  now  be  continued  and  the  point  y 
located.  This  corresponds  to  Q  of  the  original  truss  he?ice  P 
is  at  the  intersection  of  QP  and  DP  and  the  remainder  of  the 
construction  may  b--5  made  without  difficulty.   Fig.  90C  shows 
the  stress  diagram  for  the  left  half  of  the  truss.   Thai  for 
the  right  half  would  be  similar  and  is  dmitied. 

This  problem  may  also  be  solved  by  a  combination  of  gra- 
phical and  analytical  methods,  ths  stresses  being  determined 
analytically  in  such  bars  as  are  necessary  and  those  veilues 
plotted  in  th^-;  diagram. 

91  ANALYTICAL  METHOD  OF  MOMENTS  \DESORIBEP.  This  method  of  finding 
truss  stresses  is  based  upon  the  application  of  the  equation, 
XM  =  0.   It  is  very   useful  for  determining  stresses  in  special 
bars  of  many  stresses  but  is  not  so  general  as  the  method  of 
joints  and  is  inapplicable  to  many  of  the  bars  of  the  simplest 
trusses.   Like  the  method  of  Joints  it  also  is  a  method  of  sec- 
tions, the  truss  being  considered  as  divided  into  one  or  more 
portions  by  a  cross  section  and  the  equilibrium  of  one  of  these 
portions  being  considered.   It  can  be  applied  to  determine 

the  stress  in  a  given  bar  when  all  the  undetermined  bars  cut 
by  -fhe  section  except  the  one  in  question,  or  their  prolonga- 
tions, meet  at  a  point  which  point  should  be  taken  as  the 
origin  of  moments , 

92  MODE  OF  PROCEDURE.   METHOD  OP  MOMENTS.. 

1  Divide  the  truss  by  a  section  so  drawn  as  to  separate 
thfe  truss  into  two  or  mors  parts.  This  section  may  be  straight 
or  curved  but  all  thft  bars  cut  by  it  the  stress  in  whichis 
unknown  (or  their  prolongations)  must  meet  at  a  point  which 
should  not  be  the  bar  in  question  or  its  prolongation. 

2  Apply  th'^  equation  of  moments  using  the  point  of  in- 
tersection described  under  1  as  the  origin  and  considering  th:at 
one  of  the  portions  of  the  truss  the  simplest  equation.  The  equa- 
tion must  include  the  moment  of  all  the  outer  forces  acting 

on  th?i  portion  of  the  truss  under  consideration,  together 
with  the  moment  of  the  unknown  bar  stress  which  should  be 
assumed  as  tension,  Clockwise  moments  should  be  considered  ts 
positive. The  section  is  commonly  taken  as  cutting  but  three 
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bars  two  of  which  meet  at  a  point  whlla  th6  third  ia  the  >iar 
under  consideration.  It  is  sometimes  simpler  to  deal  with  the 
moments  of  the  components  than  with  that  of  the  forces  than- 
selvfts,  particularly  when  the  force  may  b?*  resolved  at  a  point 
such  that  the  lever  arms  of  one  of  the  components  is  zero. 


3  Solve  the  equation  for  the  unknown  stress, 
suit  shows  that  the  bar  is  in  tension. 


A  positive  re- 


metl'-od 
aj7ipl:i. 


OP  MOMENTS.   APPLICATION.   The  application  of  this 
is  clearly  illustrated  by  the  following  numerical  ex- 


Bar  _a.  In  thi! 
quired  conditions; 


Fig.    93a. 


case  the  section  xy  fulfils    the  re- 


that    is,    it   cuts   three  bars  two  of  which 
meet  at   a  point,    and  the  other   is   the  bar  _a..    If  that  portion 
of    the  truss  to  the  left   of   the  section  be  now  considered, 

is   (^.vidant   that    it  will  be  hftld   in  equilibrium  by   the 


it 


outerforces  and  the  stresses  in  bars  a,  b,  and  c, 
momeni-.  of  all  these  forces  about  any  point  in  the 
truss  must  equal  zero.  If  moments  be  taken  about 
b  and  c .  the  moment 


and  that  the 
plane  of  th& 
the  intersec- 
tion of  b  and  c,  the  moment  of  the  stresses  in  these  bars  will 
b.v  zero,  hence  the  equation  of  moments  will  include  only  the 
knovm  outer  forces  and  the  unknown  stresses  in  bar  _a  which  can 
in  consequence  be  readily  compxxted.   Thr  equation  will  be  as 
below.  assTuning  stress  in  a  as  tension. 


(60  -  IC)  45  -  23  X   (T5  +  30)  -  30  3^  =  0 
S^  =  (  +  )  45 


Using  the  same  section  the  stress  in  bar  b_  may  be  found  by 
taking  the  origin  of  moments  at  the  int?rsection  of  bars  _a  and  _c 

In  abovs  cases  the  section -xy  was  assumed  to  be  vertical 
or  nearly  so;  this,  however,  is  not  necessary,  and  a  horizontal 
or  inclined  section  may  be  used  provided  that  the  bars  cut  by 
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it  fulfil  the  stated  conditions.  For  example  the  stress  ia  bar 
_d  may  be  computed  by  this  method  using  the  section  7Q  and  taking 
moments  about  the  ap3x  of  the  truss.  This  gives  the  following 
equation: 

20  X  15  +  Sd  X  18  =  0  whence  Sa  =  -  20  x  15/18. 

It  should  be  noted  that  the  method  of  moments  is  inapplicable 
to  the  determination  of  the  stresses  i^l;;,he  web  n<5mbers  of  a 

parallel  chord  truss  such  as  a  sompl?'  bridge  truss 
tince  in  such  trusses  the  sections  through  the  v.'-sb  members 
would  have  to  cut  the  chord  bar-^  which  woulc-  mset  at  ijiTinity 
and  the  equations  thus  derived  would  bf^  indeterminate. 
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METHOD  OF  Sf3ARS  DESCRI3ET!,   This  is  another  sp-cial  method 
which  can  often  be  used  to  grsat  advantage-  iv    '(he   determination 
of  the  stresses  in  certain  bars  and  particularly  in  diagonals 
of  parallel  chord  trusses.   In  the  truss  shoT/n  in  7ig.  94a 
it  is  clear  thst  if  the  truss  acts  as  assumed  in  th^-  th.^ory, 
that  is  if  the  stresses  in  all 


Fig.  94a. 


the  bars  are  axial,  a  shear  oa  the  section  xy  must  b^  carried 
entirely  by  the  diagonal  ad  .  .  .  since  the  stresses  in  Lhe  bars 
ab  and  cd  are  horizontal,    '''^.Ihe  application  of  lhe  equation 
5!  V  =  0  to  the  portion  of  the  truss  on  the  I'-^ft  of  the  section 
xy  necessitates  the  equating  of  the  shear  on  the  section  with 
the  vertical  compoR-ent  in  the  diagonal.  This  is  illustrated 
by  Fig.  94b  in  which  by  applying  jV  =  0  w?'  obtain 


P 
2 


v_  =  0  whence 


V3  = 


2 


Fig.  94b 
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95   MODE  OP  PROCEDURE — METHOD  OF  SHEARS . 

1°.  Di-/iile  the  truss  into  two  parts  by  a  vertical  section 
.  passing  through  the  bar  in  question.   This  section  nay  cut  any 
number  of  bars  provided,  all  are  horizontal  €xc<?pt  the  one  under 
consideration,  but  in  ger.eral  it  should  be  so  chosen  as  to 
cut  not  more  than  three  bars. 

2°o  Apply  the  equation  I V  =  0,  to  that  portion  of  the  truss 
•which  has  the  f  ew5.-t  outer  forces  act  Ing  upon  it.  The  equa- 
tion should  include  the  vertical  corapononts  of  all  the  outer 
forces  acting  upon  the  portion  of  the  truss  selected,  and  the 
vertical  component  of  the  unknown  bar  stresses  which  should,  be 
assumed  as  tension. 

3».  Solve  the  equation  thus  obtained  for  the  unl':nown  verti- 
cal component.  A  positivs  result  shows  that  the  stress  Iv. 
the  bar  is  of  the  character  assumed  in  writing  the  equation. 


86   IvIETHOD  OP  SHEARS,   APPLICATION.   The  accompanying  example 

clearly  illustrates  the  application  of  this  method  to  the  de- 
termiiiation  of  the  stresses  in  the  vreb  members  of  a  sim.ple 
bridge  truss  carrying  uniform  dead  and  live  loads. 

U 


4  panels  ©  25 ' 


Fig.  96a. 
Let  the  dead  load  be  taken  as  1000  lbs.  per  fool  all  on  the 
bottom,  chord,  and  the  live  load  as  2000  lbs,  per  ft.  also  on 
the  bottom  chord.  The  panel  loads  will  then  be  250C0  lbs. 
dead  and  SCfOS'  lbs  live,  and  the  dead  shear  on  the  section 
xy  v^ill  be  (  +  )  12500  lbs.  To  get  the  max.  live  shear  on  xy 
assume  full  panel  loads  at  points  2  and  3,  and  no  load  at 


-7r->S- 


point   1.    This   gives   a   live   shear    in  the  panel  of    (+)   37500 
lbs.    The  vertical  component    in  the  bar   ab  will  then  be   (+) 
125CC   dead  and  (+'}  575C0  li^e,    and  with  the  vertical    component 
knowi  the   actual   stress   can   be  easily   computed.    The  forces 
acting  upon  that  portion  of    the  truss  to  the  left  of    the   sec- 
tion with  this   loading  will  be  as   shown    in  Pig.    9ob   from 

which  it    is   readily   seen  that  by  as- 

s^oming   the   stress    in  the  diagonal  to 

be  tension  and  applying  the   equation 

^v  =  £,   Yj   is  found  to  act   down   as 

assumed.    Had  the  truss  been    inclined 
instead   of   horizontal   the  proper 
2   course  to  pursue  would  have  been  to 
resolve   the   vertical  forces    in.to 
normal  and  tangential  components., 
BX\c\     apply  ;fV  =  -^  to  the  normal  forc-es 
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97  aENERAL  RULES."  The  student  should  note  carefully  that  the  three 
methods  which  havo  been  explained;  viz:  the  method  of  Joints, 
the  method  of  moments,  and  thf=:  method  of  shears,  are  all  me- 
thods of  sections,  and  that  in  their  application  it  is  always 
necessary  to  assume  a  section  through  the  truss  asid.   vrrite  an 
equation  of  equilibrium  betreen  the  outer  forces  actinp;  upon 
the  truss  on  one  side  of  the  section,  and  the  forces  in  the 
bars  cut  by  the  section.   In  computing  a  bar  by  analytical 
methods  the  first  step  is  to  determine  the  method  to  use.   It 
should  next  be  decided  where  to  take  the  section  and  what 
portion  of  the  truss  to  consider.  Filially  the  proper  equa- 
tions should  be  applied  between  all  the  outer  forces  acting 
on  the  portion  selected  and  the  stresses  in  the  bars  cut. 

A  combination  of  the  three  methods  which  have  been  explain- 
ed, joints,  moments,  and  shears,  enables  us  to  compute  readily 
the  stress  in  any  or  all  members  of  a  statically  determinsd 
truss.  In  order,  however,  to  figure  the  stresses  in  the  sim- 
plest manner,  it  may  be  necessary  to  study  with  considerable 
care  some  of  the  members,  in  order  to  determine  which  method 
should  be  adopted.   In  bridges,  however,  the  forms  of  trusses 
which  are  in  comMion  use  for  simple  spans  are  not  numerous  and 
the  best  methods  to  adopt  can  be  readily  learned  by  the  study 
of  these  conventional  types.  For  roof  trusses  the  graphical 
method  of  Joints  will  usually  bs  found  most  convenient  though 
sometimes  it  may  be  desirable  to  supplement  this  method  by 
computing  the  stress  in  certain  bars  by  one  of  the  other 
methods . 


98   TYPES  OF  TRUSSES.   The  forms  of  bridge  trusses  most  frequent- 
ly adopted  are  given  in  this  articl*='. 


Kowe  Truss.    Pig.  98a. 


The  Howt' truss  is  usually  built  with  chords,  dia- 
gonals and  end  verticals  of  wood,  and  intermediate  verticals 
of  iron.  Stresses  in  diagonals  will  b^  compression,  and  in  in- 
termediate verticals  tension.  The  diagonal  members  sho^^m  by  the 
dotted  line's  are  called  countsrs,  and  are  needed,   in  even^  panel 
in  which  negative  shear  can  be  obtained  from  any  loading  what- 
soever, since  such  shear  would  produce  tension  in  the  main  dia- 
gonal the  connection  of  which  to  the  other  members  is  usually 
ill  adapted  to  transmit  tension,  Otdinarily  in  such  trusses 
a  counter  is  used  in  ev^ry  panel  though  not 
shear,  its  size  being  made  one-half  that  of 
that  is.  if  two  equal  sticks  are  needed  for 


the  counter  -crould  be,  onf^  stick  of  the  same 


needed  to  carry 
the  m.airi  diagonal; 
the  main  diagonal, 
size. 
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The  Pratt  trus":;  is  the  most  comnon 
is  usually  built  of  steel,  and  has 
prsssion  verticals.    Ths  truss  with 


Pip-.    98b. 

xyv^  of  brid«i?     --  •    I* 

tension  diag-onals   and.   corn- 
end  verticals    is  noi,    commorJIy 


employ 6d  for  through  bridges   sines   it    is  less   economical  of 
matssrial  thaii  th^-*   othsr  form   in  which  the  comprsssior.  mf^inbr.rs 
ab  and  ac   and    the  tension  inernbfrr  ad,   ar--  replaced  by  t.hs   one 
compression  n'-^nber   sf .      In   ihs   Pratt   truss   countr^rs   arc   used 
only  in   those  panels    in  which  negativf;   shear  may  occur,    and 
ars  used   in  such  panels,   only  for  economy,    il   being  Isss  exj-)en- 
siv*.   to   add  an   ?3xtra  tensior.  bar  of    snaJ-l  size,    than  to  make 
th^  main  diagonal   of    sufficient    strength  to   carry  both  tension 
and  compression.      In  h^avy  railroad  bridge  co?is1  ruction    it    is 
b'-icoming  more  and  mors   comnon  to  avoid  light    count ^'-ir; 
mahfi  mejnb^^rs   s\ibji^'ct.   to   rav-^rsal   of    stress   as   compression 
piftces. 


an.d  to 


Thft  Farren  trvisn   is  v 
trussas   of   small  span.     No 


sry   cor.pioT'.ly  adopts  d  for    rivet  ^-d 
cou5it&rs   are  usfid  and   lY.h   diagonals 


i^arren  Truss 


Fig.   vac. 

in  panels  wh«?rs  negative   shcpr  can  occur  are  made  compression 
m«;mb'='rs.   It    is,   hovi-ever,    evid'^nl    from  the-  arrangem'?nl    of    vhe 
diagonals   that    every  o'ther  ons  would  havc    i-o  be  a  compression 
manbi^r   to  withstand  thft  positive   sh<=jar. 

In  all  cases    in   order  to   obtain   economy   of  material    it 
is   essential  that   the  ratio  of  depth  of  truss   to   spaii  should 
be  within   certain   limits,   which   are  approximately  from  1/5   to 
1/8  the    span  and  that    the    diagonals   should  make   angles  of    ap- 
proximately 45®  with  the  horizontal. To  obtain  both  of   these 


oj   r. 


■ti  ..e 


'10 ^    .!■)?,>•  jr>j:i5 


9  ;■!  ■ 
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result.?  it  is  cl';ar  that  ths  panel  l'-^n;^th  shou 
th=.  span.  As  it  is  unclssirablo  to  use  v^ry  lo 
accormt  of  the  bsnding  str»ss?s  prociuc?c'  in  \h 
th.=Nir  ovrn  wei'^ht  rrhr-n  grrai&r  than  25'  or  30' 
b%cau.s?  also  of  th'h  increass  ir.  vrei?-~ht  p  =  r  foo 
ers  as   their 


span    incr>=fas%s,    tha  panel   length 
in  excess  of   35'    thon.?:h   in  sone  spans   of   recsn 
pansl   Ifngths   fr^'-^atftr  than  this   havo   D?-n  v.B'r.d 
to   obtain  pansis   of   reaso   able   l&npth    in  long 
connion  to   subdivide   the   truss  by   a   secondary   s 
cat. sd   in  Figs.    98d,   98c,    and  98f . 


Id  vary  t^^ith 
ng  panels   on 
e  chord  bars   by 
in  length,    and 
V    of    th--?-    si  ring- 
is   pp.ldora  '-Lade 
t  construction 

In  ordsr 
spa:is,  i-'  is 
ystem  as  indi- 


",>■ 


Subdivided  Pratt  truss  hnov-n  as  the^^^^ 
Baltimore  truss. 


Fi.>.    98 d. 


vT 


Fig.    986. 
Subdivided  '"'arrer.  Trusses. 


1    ^y 


'    \  1  /■  i  - 


-^^. 


Ft 


For  v?ry  long  spans  it  is  usually  mors  economicvl  to  make  th? 
truss  dsepsr  at  thft  csntrs  thoJi  at  the  ends.  If  ihcr  depth  is 
incraas^d  in  proportion"!  t<".  the  increase  in  niori-i:nt  it  is  rvi— 
dsnt  that  th-.  chord  str-rss  ijrould  r*^i  lair  ^sseiitiall^''  constant 
throughout  12^.-  entire  1 --ngth  of  the  span,  and  that  i'~e  chord 
vj^oulr'    i;-    co'isequsncp   bft  Piv.ch   light<^r  at    ihe   centra    t'-'an    it 

v/onxd  vsre  ths    snd  df-vth  to  b;^   continu"-d  throughout    the   span. 
Th'    stresses    in  the   diagonals  would  b*^    ir.creas?jd   in  such  a 
cas<i,>,   but   the   n^t  result  ■c^'-nuld  be   a   saving  of  mat -rial,   h<:hc9 

if  niniuui'i  vir3i:ht   alon-7  xreri^  to  be   the   gov3X-:"ing   sl^^nen.t, 
it   ^"^ould  br   dB?5irablft.   v-o  rxal'--.   all  truss gs    of  varyin<r  hfif'rht. 


r.jti.- 


14  P 


It.- is  necessary,    hovre^rer,    to  consider  also   eco.iomy   of    -Lf^^^r, 
and    since  trusses   oX  varying  depth  are  more   expensive   of   labor 
i;    is   evident   that   thev  should  be  used   only  for   structures    in 
which  the   savings   of   weight   balances   or  exceeds  the   increased 
cost   of    construction.      This  point    is   usually  reached   only   m 
s-oans   of   considsrabla   length,    say   SOO '    and  over,   and  the  type 
of    truss   com-monly  used   in    such  spans   is   shovm  belot^^. 


Pig.    98g. 
Subdivided  Pratt   Truss  vith 
top  chord  knovm  as   the 


inclii'.ed 
Petit   truss. 


Pig.    98h  ■  ■  '■  Fig.   98i 

ConBTion  tiTpe   of   Roof   truss. 


//.-, 


Fig.  98 j 


/■y  /  1 


Pig.  98h 
both  of  steel, 
special  name  but  Is  ox 
98 J  are  Pink  roof  trusses. 


comnon  type  of  roof  truss  vhich 


shoves  a  comnon  type  of  roof  truss  vnicn^  is 
and?  of  wood  with  steel  verticals.   It  has 

Pratt  truss  type.   Pigs.  98i  and 


built 
no 


■p  the 
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BRIDGE  TRUSS  STRESSES »   To  completely  determine  bridge  stresses 
it  is  desirable  to  combine  the  various  methods  given  in  ihe 
preceding  articles.  Methods  of  doing  this  for  the  more  con u;ion 
types  of  trusses  and  for  simple  loadings  are  clearly  shov;n  m 


ze 


l49 


the  minierica.l    ex.-irtples  which  follov.-.      Since   it    is  the  ■v.-^uOr'; 
jmrposfe    ill  this   chapter   to   j.ay  ppa'tic-ular   emphasis   upon  truss 
actio:i  rather  th.an  upon  the  cor^sid.Ciration   of  laov  ing  concentra- 
tfid  load,   systems  "which  have  alrearly  beer,   treated,    the   live 
loading-   used   in  the    e.xa'uples    is   takeii   as   a  untfonn  load  with 
a  Iccor'LOtive   excF-ss;    that    is  with   a  single   concentrated   load 
equal    ir.  magn-itude   to   the   excess   of   the  maxiriun  floor  btam 
load   due    to    the  actual   loco'iotive    over  tl-e  floor  bfiam    load 
caused  by  thn  unif  oni  load.    The  process   of   finding  the  inaxi- 
nu  I  live   stress    in   a  nember  with   this   loading   consists   of   coffi: 
put  ing  the  maxinura  stress   due    to   the  u3iifonn  load,   and  adding 
to   it   the  naxiiriun  stress   due   to   the   loconotive   excess,    this 
latter  b^ing   treated   as   a  concentrated  load  which  nay  ba   loca- 
ted at   any   desired  pan.el  point   regardless    of   the  position   of 
thi   unifoi'm  live   load.      The  dead   load   is    also  treated   as   a 
ur.iforn  load,    this  being  nearly  correct   for   trusses   of   ordin- 
ary  span..      For   trusses   of   great   length   or  cf   unusual  woight 
it    is   better   to    estimate    the   actual ^weight   acting  at  each 
panel  point  .  dyr,.g 

It   should  be   remarked  that  for  parallel  chord  trusses 
thr-   deteminat ioTi   of   1  he   live    stresses   due   to   concentrated 
load   systems    involves  merely   the  computation   of   the  maximum 
moment    at    each  panel  point    and  the  maximum  shear   in   each 

From  the  m.oments   the   chord   stresses  may  be  figured 
method   of  moments   and  from  the   shoax-J  the  web   stresses 
method   of    shears.      If   the   student   thoror.ghly  under- 
truss   action  as    illustrated    in  the   examples  which  fol- 

and   the  method   of   using  concentrated  load   systems   he 


panel . 
by  the 
by  th-; 
stands 

low, . ^,,. ^...^,    

should  have  no  difficulty  whatsoever 
trusses  u;ider  concentrated  loads. 

The  fact  that  this  method  is  used  for  the  determination 
of  truss  stresses'  should  not  be  considered  as  indicative  of 
th3  writer's  belief  that  such  a  method  is  sufficiertly  pre- 
cise for  actual  use  in  design.   II  is  used  here  merely  be- 
cause of  its  vali'.e  in  showing  truss  action  clearly. 


in  the  computation  of 


m- 


Fig»  100a. 
6  panels  G  25'  =  150' 


// 1  / 


STRESSES.   PRATT  TRUSS 


ner 


100    COMPUTATION   OP 

the  bridge   londer  consideration 

as   1  =  1625   =   812    lbs,    per   ft.  _^ 

equals  weight  of  floor  and  487  lb.; 
For  conver.ience  the  weight  of  floor 
per  foot  per  truss,  and  of 


Dead  Stresses,.   For 


■-he  dead  weight  be  assumed 


this  wein:ht  must  be  added 


truss ,  of  v^hich  525  lbs, 
.  equals  weight  of  truss. 
will  be  assumed  as  300  lb; 
each  truss  as  500  lbs.  per  ft.   To 
the  weight  of  the  track,  that  is  th- 


•  I 


ISC- 


rails,    ties,    spikes,    splice  "bars, 

may  b5  assuri&d   as   400   lbs.   per   linear  foot   of 


lbs.    j)--.r  lii\ftar  foot    of  truss, 


loxving  fip:ures: 
TlQxghi    of 


'loor  anrt  track 


guard  timbers,  etc 
thu'=;  living  as 
pf-r  truss  =  500  lbs.  p?r 


,   T;-hich 
brid:'^e   or  200 
a   total    th^   fol- 


lin^.ar 
ft. 
"  "   on<=.   tr^iss   500    lbs.    p.^r  linear  foot. 

The  vj-eight   of    fhs  truss  will  be   assuinsd  as   appli?)rt   equally 
at   top   and   bottom  pan^.l   points;    the  TS'eight   of    the  floor   is 
applied  at  th.6  bottom  pan&l  points    only  sinc%  the  bridge   is 
a  through  brid,e:.-.      The  pan?.l   loads   are,    therefore,    found  to 
be   250  X  25  =   6250   lbs.    on  lop   chord  and   750   x  25  =  18750    lbs.- 
on  the  bottom  chord,      Th^   stresses    in  the  different  riembers 
are  but   lit  lie  affected  by  ths   distribution  of   th  *^   load  be- 
tv/i--ftn  the   two   chorrls   her.ce   assune  for   ease   in  computations, 
that   thft   panel   loads   on   the  top  chord  are   6000   lbs.    a::d  on 
th?  botlon  chord   19000   lbs.      The  truss  will,    therefore,   b& 
loaded  as    shov^rn    ii-.  Fig.    100b. 

P 
All  chord  stresses  to  b?,  multiplied  by  1000  - 
(p=pan3l  h 

length) 
(h=  h.=5ight) 


6000 


Index  Stresses 

6000     6000 
100   S    112.5  ^ 


6000 


C2.5 


9500  /   19 
'f  ■'  'i 

u 


19000    19000    19000 
4        3        2 


19000 
1 


Fig.  100b. 
Gross  reaction  72000 
Nst       "      62500  =  25000  x  2-l/2 


72000  gross 


'Tith  a  parallel  chord  truss  loadsd  with  a  uniform  load 
the  vret    stressss  may  be  rsadily  determinsd  by  either  ths  method 
of  joints,  or  the  rasthod  of  shears  but  the  chord  stresses 
should  bs  determined  by  the  method  of  Joints.  A  combination  of 
both  methods  vdll  be  used  for  the  web  stresses,  and  the  vertical 
components  of  these  stresses  will  be  written  or.  the  diagram  in 
units  of  1000  lbs.  The  str.sss  in  the  centre  vertical  is  first 
found.  This  equals  6,  and  is  obtained  by  using  the  method  of 
joints.  The  vertical  component  in  the  centre  diagonals  is 
next  found  by  ths  method  of  shear.  It  equals  12.5  and  can  be 
found  without  computing  the  reactions,  since  truss  and  loads 
are  symnietrical.  The  shear  in  this  member  due  to  loads  at 
1  -  2-4  -  and  5  is  0  and  the  shear  due  to  the  load  at  panel 
point  3  is  one-half  that  load  or  one-half  of  19+6=^=  12.5 

2 


vi 


.r  .,<|.J 
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By    uhe  method  of   Joints  the  vertical  co:nponent^   in  ihe  o-h-r 
vrsh  members   is   readily  fomid   to  bf   as    shovrn   in  PiS     looh     fL 
stress    m  the    inclined  ard   diagonal,    or  In?  post      ^s    ?t    ^ 
reac^inJ:  ff''''    '"'^^  '°^"^^  ''  ^^   ^^'^  which    eq^aJs   t'^   r^t 

To  datsrminfc  the  chord   stresses  b-gin  at    th?  --.d.  of 

the   i.op   chord.      Th?s 
forces   acting  ar^:  as 
shovn-    i-i   Fig.    looc. 

The  application 
of    i  hp  nr  thod   of    joints 
gives   100   X  ^5/30   for 
the   str^rs.-^!    in  top   chord 

P 
or  100   X  -  where  p  = 

h 
pan si   length   and  h  = 
height   of   truss 


62  . 5_X,^ 
SS/.'^O 


^.s^=  100.  ox 


^5 


Aj 


,5    X 


.-0 
25/30 


19 


37 


Fig.    lOOc 


1 


By   similar  mthods   112   -  x  25/30    is   obtair-d    for  the   stress   in 
thj  n.^ct   sr->ction   of    top2   choral,    and  62,5   X   35/30   and    lOo''?   -5/30 
for  stresses    in  bottori  chord  rnemb-^rs.      This  mM  "od    of   d^l    r-  ^ 

Scr:;^4ra4'rr''f  ''  3onetin.s  called  th^'^^^go?  o^ch  rd 
JJ2C£era^nts  a-xd  ths  str-.sses  writ  I  an  on  th.3  bars  v/hich  ^vMTb^ 
^^ll^^^on-  factor  to    obtain  actual    stre^seslrHal^ed 

by  >nui?r^fv'5r;;\-'r''''?^-    '^^  "■■-^  diagonal   can   be    easily  figured 
hv    u^i^.^i^^'    i;^^_v."rtical   conpon^nt  by    its    l-v?th  divided 

l^ft     unM?  'h/'^'  '^'f'  '^^^'"^-     ^^^^  ^i"^^-  op-ation  rill  be 
ec;no.niSe'L;or.''"'   '''^'''''  ''''''  ^^^^  ^^^P^^^^^   -   ^^^^^^   ^0 

.000  i^lfp^o^r^;:^;  i:^:cf?^^sr^- [?^f  ix^r^^-s  J?^ 
O     0  O  0  O.ig.  looQ    9    9? 

20000        40000      40000   40000    40000  260C0    26000    2r.000   26000 

Loads    in  thousands   of   pounds  psr   axle. 
Cooper's   E40    engine  shov"^    in  Fig.    100 d. 

To   conputo  ths   locomotive    excess   find   the  maxinuni  floor 
beam  load   caused  by   th'5    sngine.      This   occurs   with  the    ihird 
driviiig  T'he  =  l  at    on.-    of   thr-  floor  b-^arns  as  may  bt   s-;en  by 
applying  tr^   criterion  for  nax.   rioment    at    th?   centre  of   a     50   f  t . 
span.  a:;d   equals . 

25+20+15+20                                           8-1/2 
40000    ( ')+2')    X    7/25+26X X    2   =   151000  » 


25 


25 


!*?.    ;  if.  \ 


•  a  0  ^^'kj.^'^ 


^tdi'irt 


aru:' 


TJ-s  pan:;-l    load,  prortuo-^d  by  the  uniform  loau   -  40C<}   7  35  =  IOC.-.  J 
thr-refore   thfi  loc-omotivr-   exces-^     =  SICKX)   lbs.  psr  pan-el  or  for 
on*  truss  255'^0  lbs.     For  easn  in  computation,    the  exce^^  will 
be  taken  as   26000   lbs. 


live   otresses.      It   is  evident   that    thf  chord,  stresses  -will 


Rl^ays  have  tlieir  maxinvLii  values  ujider  a  uj^iform  losd  -Then  that 
load   srxtends   ov^r  ^'-.'-■-   entire   span  sir^ce  this  rrondi':  ion   is  necess- 
ary to  produce  inaxiiiun  monents   at    t::e  panel  points,   and  upon 
these  noia^nts   thp.  cho'^d  stresses   dep'-^nd.      The   chord  dresses 
caused  by   t.he  Uiiifonn  lend.,   may  therefore  be    obtai3-L&d  by  mul- 
tiplying  th;-:  d?.ad    stresses   already  found  by  the   ratio    of   live 
to  dead  TJ-hich   in  this   cast    is   30'^'^ 


I'^CC 


U- 


U.-, 


4 


i 


— »_ 1 — 

/  1  \      1  \ 


/' 


4 


y 


A  — 


s     i     /    \ 


/    \ 
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^V 


H 


Fi,^.    lon^-. 

To  d'=^termi:ie  the   chord   stresses   due   to   the   locomotive 
excels  use  the  r.i?^thod   of  nomeras,    obtaining  the  val'-.*s  ^r^h  ich 
f  r.llo-^: 


Par   I'tUo   -  ?■   at    Lo 
'•      V.o\\  -  E   at   L'. 


^1  .-^  xj "]    ■"-  E   at   -^  -. 


.L-j^Lg  -  ?;   at    L-j_ 


str  =  33   -   .36  X   4/G  X  50/:5''   -  2?- .9  c-mp. 

"         ^   ?G  X    7'/6  X  75/?^   :^   ?^Z.5         " 

"        =  26  X    5/6  X  25/ ;^^   =   IS.l  t '-ns  . 

"         =  26  X    5/6  X  25/3"    =   IS.l         '' 

"         =  8G  X   4/6  X  5r/3^   -  23.9         " 


Thp-  maximu^^'  "-eh   rtr'=;oSi=s    occur  under   a  pprtial   loading. 
To   deti=-mi7'.p  th^ar  values  uss  the  method   of   shear   except  f^r  the 
6-^1  Vertical  a;..-l  fo"^  ma:c.    tension  load  all  the  panel  points    to 
th^,  ri?-ht    of  the  panel   i?^.  ctuestion  7/ith  a  full   load  and  ass^jj-.ie 
those   on  the  laft    to  be  v^aoaded  thi^  ceing    in  accordance  v,'ith 
the  app^oxir-'nt.e  r-.et3"od.  rreviously   described.      Th^-   locomotive   ex- 
c=;ss   should,    of  course,"  b---  placed  so  a'^  to    incr'^ase  ihe  stress 
und.--r  conrideraticn  as  mu'^h  as  possible-.    The  v.^-.rtical   compo- 
nenf^   of    fhe   str'=^s,^fts    i-.    ;he  ^eb  r.=-ri:ri'^.r  -."ill    then  be   as  folloi^rs: 


UpL-,   -   Lond    ^o-In-    inr-l 


=  t 


'.-.c  .co-rp.-l^"' •■•    50+5/6    26==^146   - 


^1^1 


u- 


ter3.=5'^'r  26 


=   76 


"f^T 


J.-'JK'-'-'^^     (t.-;:jv^      .  ..  ■;  •-> -fr- ifV-*--;?    :    :i^'^ 


/ 


/ 


''■:^::,'-i^}!¥j 


^zH~    " 

LgtoLs   » 

F. 

at 

Ljv^cts-ns: 

Coiuiter 

U3L4   " 

^4^^^5 

E 

at 

L4V . c .   "  ■ 

Counter 

^^4^5    " 

^5 

E 

bX 

L5V.C.   " 
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^1^2     liOad  1*2 ~^5   incl»     E  at   L^  v.c.   t~>ns.=lo/6  50+4/6  26  = 

100   - 
3 

UgLg         "         LjtoLg      "  E    at    L^   v.c.comp  =  6/6    50+5/6   23=        65 

6/6    50+5/6    26=         65 

2 

=        5/6    50+2/6   36=        55-- 

5 

2 

=        1/6    50+1/6   26  12- 

3 

Sines  thft  truSu<5   is  symrielrical   it    is  unnsc  =  ssary    Lo  fi- 
gure  ths  ra--.mb.-rs    in  thfi  ripht  half.    It    sho^ilf'   To-   not- -■^Ljhows'.^^r,. 
that    i.h*  counter  strefss-ss  havis  b^a?!  conputecl  bj'-  figrurinp-  th - 
po?5.itiv«   sh^ar    in  par.f-.ls    on  rif^ht   of    c^^ntr-r   Ir.sX-^r^d   of   xhs 
nfefjative  sh^aar   in  pf-Hftl."?   to   I'sft,   this  b-ing  tht-   .Tir.ipl-r 
msthod'.      If   thf<   po^'.itive   liv??    sh^sar   in   either   of   ih.-p-=r  pai^els 
sxcsacls  the  HAgativ-.  daad   shsar  already   computed,    counters  ttHI 
hav'   to  b^   us 'id   in  that  panel;    oth~rvris®  no  count -^-rs  vrill  be 
r=iquir?id. 

Ori^j  vreb  nritibsr  ha^  not  yst  be=-.n  considsrsd;    that    i3  bar 
UgL^.      The   stress   in  this  T^ill  d.=Tp3nd  upon  wh-^the-r  cour/i-.irs 

ara  ns --ded   in  tha  adjoining  pan&ls.      If   counl'-rs   ar^^    ncv    r?- 
quir.ijd  ih&rfe  vrill  b?  no   liv&   stress   in  ih*  n5nb?.r;    oth'-rt'/ise 
th3    liv^   strp-fis  will   equal  the  vertical    coinponr-.:-!t    in   Ihs 
couiiter   itself.    Sines   the  vertical  component   of    th*   live 
stress    in   coxxnt'tT  U3L4='  53-2/5,    and  ihe  vertical    componsnt   of 

th?=(  deac"    stress  =  I2--.I/2,    it    is    ovid-ni   that   the    couiitrr   is 
Headed .   A  similar  corr^arison  shovs  that   a  counter  T/tLs   is   not 

rsquirsd.    Th^r   livs   str=iss    in  ^3^3      th-^rr.foro    equals  the  ver- 
tical component   in  U^L^^  55-g/5. 

Since  th--»   count«5r   is    in   action  F'-he-   this   livs    strsss   occurs    in 
U-rL.r    its   doad  str?*as  T^ill  b?-  diffaren'.    froni  that  writ  I  ■:-.:■.  on 

tbh  diagram  of   d?*ad   stressss   and  will   equal   i  he  vertical  cora- 
pon5-.rit   which  v/ould  sxist  u:^di9r  d^ad  load   in  th*^   counter  U3L4 

( ass^jTiing  thf.  main  diagonals  L-U^  to  bs   out   of  action)  minus 

th3  d«ad  panel  load  on  upp^r  chord,      This  gives  a  tension 
equal  to   12.5  -  6.0   or  6,5. 

Tabulation.      This   conpl^tss  th?  n*>cessary  computations 
except  'tHat"'ihs  actual   str*t.ssss  must   bs  computed  from  the  com- 
pon-nts  which  can  bs   dons  very  quickly  by  the  slide  rul^'. 
It  r^riains  to  tabulate  ths  rasults. 


Cijai  J. 
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MAXIMUM  STRESSES  IN  THOUSANDS  0..'  POUNDS. 


Bar 

D'-iad  Stress 

Live  Stress 

U1U2 

10  0  X 

25/30  =  (-)  83.4 

166.8  +  28.9  =  (-)  ly5,7 

U2U3 

112.5 

X  25/30  =  (-)  03.8 

I  187.6  +  3S.5  =  (-)  220 .1 

^0^1 

62.5 

X  25/30  =  (  +  )  .52.1 

j  104.2  +  18.1  =  (-0  122.3 

-.-J                                                   - — — — 

I^1^2 

62.5 

X  25/30  =  (+)  52.1 

!  104.2  +  18.1  =  (  +  )  132.3 

i                                                                                                                             i 

^2^3 

100  X 

25/30  =    (+)  83.4 

166.8  +  28.9  =  (^)  195.7    i 

-4- 


^0^1 
"l-l 


62.5  X  39/30  =  (-)  81.3  j  146.7  X  39/30  =  (-)191.6 


UjLo 


(  +  )  19 


(  +  )  76 


39/30  =  (  +  )  48.7  j  ICO.  7  X  39/30  =  (  +  )  131.0 

(-)      63 


(-)    18.5 


^2^3_ 

*U^L. 


I      12.5    X    39/30   =  (  +  )    16.2    :       63         X    39/30   =   (  +  )    82 


-4- 


(  +  )       6.5    I 


(-)    33.7 


*U3L4     i      12.5    X    39/30   =   (-)    1G.2  33.7   X    39/3^'^-    =  (  +  )    43. f 


(  +  )     =  t'==nHion 


(-)  =  comprassion. 


*  Strasses  in  these  "bars  ar?H  the  dead  f^tresses  which  vj-ould 
6xist  when  live  load  i<5  .?o  placed  as  to  bring  count'=--r 
U3L^    into     ■action. 


¥■'.: 


-  f 


A,  A 
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10 


5  panels  C5  15 '   =  75 ' 
jT  =   9000 

Panel  loads     {  L  =.'^nooo 
' E  =25000 

9        8        7 


0" 


v,-" 


6         5  4  5 

P/2  _  ^   X_       Un    P^,  ^ Ifo    g^'5        U4      73^5      u,, 

2^5        SSysX  10/5' 

'^•5'  \       /       l\5    /       1\5 
J/    _  \  /   48  \  /         7S 


1 


L, 


H 


3000   D   Par.sl    Loads    ^000 


101a. 


Assum';d  Loads 


Liv=5  load  -  2000  lbs.  per  ft.  top  chort?., 
D^ad   "      600   "     "    "    "     » 


E2CC.=^SS 


200 
25000 


botl 


Dead  Str!=)S.'^5s .   Index  stresses  are  siv?-n  on  d  ia^ran  in 
Pif^.  101a.   '  '       . 

To  ch'ick  thase  values  compute  chord  stress  in 
ce-.tr.-,  of  top  chord  using  d^ad  pa.nel  loads.   Nol"  that  for  this 
truss  it  -would  bfi  incorrect  to  coniput'^-.  this  stress  by  figuring 
ths  moment  produced  at  the  centra- ,  assuming  the  truss  as  a 
gird.r  ^«rithou1  floor  b<?ans  and  uniformly  loaded,  since  the 
monrjit  betTj-een  floor  beams  on  the  top  chord  is  not  the  same 
as  it  would  b'-^  ip-ere  th=5re  no  floor  beams, 

Oh=,c]'-.  D.=:ad  strass  -  centr?  panel  -  top  chord 
P  =  panel  length 


X  2-1/2  P  -  3  X5P  -  9  X  2  P 


1/2  P 


=  73.5   O.K. 


^iv^  Stresses .   In  this  case  fhe  live  stresses  must  b-  conv- 
put  :-d  separately  and  not-  obtained  by  multiplying  the  dead  stress- 
es by  the  ratio  of  liv-;  to  d'=^ad  load  per  foot. 

The  index  slr«^ss'-^:s  for  ;  he  uniform  live  load  for  full 
loading  ar^-:  shovf)-  in  Pig.  lOlb. 


V 


2  h 

P 


Pig.  iClb. 
U.a   1^^   ^4   180   Up 


X 

2  h 


^1 


^5 


..%- 
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60X3-1/2    ?   ~   7>0    2   P 

Check 180      P   O.K. 

1/2   P 

The    effect   of    locoraot.iv&    sxc^ss  for   ih-^-.   chords   ar.d   of 
partial  loading  and   excf^s?   comTDi?i.ed  for  web  raemb^rp  tnu?t    also 
b=!  con^'idsred. 

Stress    in   chords   due   to   loccmoliv-   oxcess; 

7,5 
UoU2      E   3  Ug    str-'.ss   =  s/lO  25'  X =  20   (-) 


40    (  +  ) 


7.5 

L1L3 

E  3   Ug 

II 

=  P/lO 

25 

2x7.5 
7.5 

U2U4 

E  0  U4. 

II 

=  6/1 T 

25 

5  X  7.5 

X 

7.5 

4X7.5 

45    (~) 


Ii.3L5      E  3-\]^  "         =   6/10    25    X 60    (  +  ) 

7.5 

5X7,5 

U4II6      E  9     I'p         "        =  4/10    25    X =  50   (-) 

7.5 

Max,    liv^   str&sses    in  "web  mftrabers. 

U^L^   -  V.:i.    =   60    +    S/IO    25  =  80    (  +  ) 

U2L1      v.c.  =        "  "  =  ao  (-) 

Before   computing  thft  renaind^^:r   of   the  diag-onals    i't    should 
be  noted   that   ir'asmuch  as   this    is   a  "^a-rrs-n   truss  no   counters 
"iTOulfi   be   used  and  hftnce   it    is   necessary  to   compute   ;  hs  ina:c, 
stress    of   both  kinds    in  diagonals    in  'irhich   tension  ar^d  compres- 
sion ar'r!  both   likely  to   occur. 

U2L3     max.    live   tension  V.O,   =  I2/10   ."^0   +   6/10   25  =  51 
or   by  using  thfi   index   stt~-3SSfts   and   removir.g  the   load 
at 

U2   V.C.   =  30   +   2/10    30   +   6/ir    25  =   51    check. 
U2L3     max.   liv?,  comp,      V.O.  =  2-/10   30  +  2/I0    25  =  11 
L3'd4     V.n.maXolive  comp.=  V.C  .max. live   tens,  in  U2L3  =  51 
LnU.         "         "  "      tens.=      "         "  "      comp.    "        "      =  H 

U4L5         •'         "  "      tens.=  6/10    30.   +   4/IO    25  =  28 

"  "        "  "      comp.=  "  "  =  28 

Tabulation.      The   de;ad   and  max.    live   stresses    or   their 
compon.^nts   have  nov  baen  determinc-d  for   all  mey.;b-rs .      Tl^-^   re- 
sults  are   shov-n   in  ths  following  table: 


orr&    :!■ 


"D-HJSi 


-;r. 


3rt  IX 


Maxiimxm  Stresses   in  Thousands   of   Pounrl'^. 
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Ear 


Eead  Stress 


Livs   Stress. 


IU2U4 
JU4U6 


■UoLl 


•[JoLn 


U2L3 


U2L3 


L3U4 


IL3U4 

i 
I 


U4L5 


U4L5 


25.5  (-) 
61.5  (-) 
73.5    (-) 

48. C  (  +  ) 
7S,0    (  +  ) 


85.5   X 


n.,6 


10.6 


10.6 

13.5    X   

7.5 


I     60    +  20    =  80  (- 

!  150    +  45   =195  (- 

i 180    +  50   =230  (  - 

!  120    +  o^J   =2160  (  + 

j  100    +  5t>    =240  (  + 


10.6 

36.0  (  +  )      I    80    X =   113    (  +  ) 

:  7.5 

■  10.6 

31.7    (-)     :    80    X =   113    (-) 

I  7.5 

10.6 

19.1  (  +  )     '.    51   X .-     =      72.2    (  +  ) 


7.5 


!  10.6 

i    11    X =      15.6    (- 

I  7.5 


10.8 

10.5    X  

7.5 


10.6 


1.5   X 


10.6 


7.5 


2.1      (  +  ) 


51 

X 

7.5 
10.6 

73.2    {-) 

11 

X 

7.5 
10.6 

15  .i>    (  +  ) 

28 

X 

7.5 

10.6 

39.6    (  +  ) 

28 

X 

7.5 

^ 

39.6    (-) 

Stress  Diagram.      For   use   in  design   it    is  comnon   i_o   shovf 
str-sssfis   on  a   dia»Tram  of    ihe   truss    instead   of   arrang- 
ing them   in  tabular  form.      Such  a   diagram   is   called  a   stress 
or  strain  diagram  and  follous  for   the   truss  undsr  considera- 
tion.     In  practici=!,    hoT^ev^r,    the   str'=>ss   diagram  of   a  hridgs 
vrould    contain   in  addition  to   the   stresses,    the  sizes   of    the 
truss  members,    thft  mom-'nts   and   sh^^ars   in  floor  beams   and 
stringers   as  well  as   their  cross   ssctions,    the  Find  brac- 
ing  sizes  and   other  similar  data. 


p.   T 


D  =  25.5    (-)        D  =   61.5    (-)        E   =   73.5   (-) 
L   =   80.0    (-)         L  =   95. d    (-)        L  =   23.0    (-) 


D   =  48.0    (  +  )         E  =   72.0    (  +  ^ 
L  --asO.O    (  +  )        L   =240. C    (  +  ) 


Fig.    1010. 


101        COMPUTATION   OF   STRESSES  -   SUBEIVIDED  rARREN   TRUSS.    The   follow- 
ing  ^.xaraplo   shovs  the  method   of    computing   stress^^s    i;^   a   suh- 
divicled.  'Tarren  tru.'^s.      In  this    truss   the    int-^mediate  verti- 
cals  ar--^   usftd    ir,   order   that    the  pan%l   length  nay  be  reduced 
vfithoul    changing  the  height   of   tho  trus?   or  slop-  of    the  dia- 
gonals 


10   pans  Is  0  25'    =  250' 
L  panel   load  =  50 
D        ''  "      =  25 

8  7  C  5 

Us Ll Us. 


D-^ad  par.ftl 
^^■^     loads  =  12  .5 


Ind?rx  stresses  -  Dead  Loads. 


Assumed  D-ad  Load  -  Top  chord  ICOO  lbs.  per  fi  .  Pani^l  load  = 

25000 

"      "      "     Eot-l  .  "     500   "     "   "      "    "=12500 

Live  load  -  Top  chord  2000   "     "   "     "    "=5OC00 


jOCO  .EXC  -;SS 


"=20000 


Dead  and  Chord   Stresses.    The    index  stresses  for  the  dead 
loads    are   shovnn.   in  Fig.    102  a»      To   ch^ck  Ihes'^   conput -^    the 
dead  strsss    iri  centre  member   of    top   chord  as   f cllo^'i'-s;- 


'■ ■«,■ 
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1500 
Str^sn  =  l/a.  — —  .  250  .  2'''0   =  390625 

30 

Prom  diagram,  strf-ss  =  468,75  X  25/.5C  =  390,62  hsiice  ends  ar.d 
v'-rrtical  coinpon'-ni  3  or  all  veb  stresses  are  cort-ect.  To  check 
bottom  chord  stress  not^.  that.  450  +  18.75  ==  4B8.75,  he^\ce  this 
is   also  corr'-ct. 

The  choT"d  strf-.ssss   du?  to    th-   uniform  liv^  load  may  be 
comput-d  bv  muli  iplying  th?i  dead  chord  stress  by  2000 

1500 
this   b"-ing  thft  ratio  between  th'^    livs   load  pf=:r  foot    ard  the 
d^ad   load.      This   could   nol   b'!';   don.-    in  the  previous   truss 
ov^ing  -1 0    ths  pansl  points    in  ihe  bottom  chord  not  b'-in^  u^.^der 
tl.'-   (op   panel  points. 

Th-^--  chord   stresses   du=i   i  o  locomotive    excess  Kill  b.-  as 
b="lov. 

Bar   UoUl  =  I'lUS   ~   at   U^      20   X   9/10   X   5/6.   =  15  (-) 
"      LiLg   ==  L2L3   T.    at    U^      20   X   o/lO   X   10/6  =  26   2/3   (+) 
"      U2U3   =   U3U4   E    at   U3     20    X    7/lC    X    15/6  =   35   (-) 
"      L3L4  =  L4L5  E   at   U4      20   X   G/ir    X   20/g  =40   (+) 
"      U4U5  =  U5U6  E    at   U5      20   X    5/1':^   X  25/6  =-  41   s/S   (-) 

Live  ^.''eb    Stress?»s.      Th?.  v^-rt  ical   coi.iponrnts  of    the  max 
liv-   vizh   str>-sses   are  giv -n  by  th?  follovring  equations; 

45  9 

Bar   U  L-,    —  50  +  —  SO     =  343   (  +  ) 

10  10 

"      UlLl    50   +   20  =      70   (-) 

36  8 

"      U.U^   —   50   +   —  20   =      196   (-) 
^   '^   10  10 

"      U2L2  D 

28  7 

"      U2L3      —  50   +  —  20   =   154   (  +  ) 
10  10 

"      L.U^  70    (-) 

Pi  Pi 

"      L3U4      --  50    +   —  20   =   117   (-) 
10  10 

"      L4II4  0 


15  5 

"      U^Lp^      —   50   +  —   20   =      85    (  +  ) 
10  1^ 


^4^5 


"      ^'5J^5  "^^    ^-^ 


(icnt$T 


■•'  I 
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Bar  L5U6  --  50   +  --  ^0  -  b8   i     J 


6  3 

U,.,   --   BO   .   -   ^ 


^Q  _  36  (  +  )  =r  t'--nslon   in  UaI^S 


.      i.,Uo  -'   55  +  --  'so  =  19   ^-)  -  comp.    i---.  Ugl^S 
^   ''    10  10 

T    4-u^    ai-v=!<;«ip    in   t,  h'^i  bars 
Since  the  truss   i..yTnm.lricallh.   slr^^.s^^  ^ 

of   the  right    half  ^^^^^A}]' ^^^.^'^  Hr.   of  th^   1-ft 
equal  the   str^sss^    m  ^^;-/'^5,^'^  Si;,^,/i,,  fi.^uring  counter 
half  vrith  loac^.mg  ^ ^on   I  h.   1;^\^,-^^-^/ i,,,t  .ad"  the  nv^thod  used 
stresses,   proce-.d  as  f  ^^r'    f  .f  ?^^(^in^  from  ih.   l^^f  I  • 
in  th-^  previous   -^xampl^ ,    that   oi    loacxn. 

„^     ^.,,,1    r--<;r]t^  for   ihis   truss   ar^    sho^m 
Tabulatioji.      Th -.  final   r.- suits  loi 

in.  the   tabl--  TT^lor. 


Bar 


Psad  Str:rss 


lUgUg      and  U3U4- 

1 
I 

UqUi      and  U1U2 


25 
?;9.^,75X —  =   528 
50 


Liv-    Stress.        ^ 

If-Vi       328.1Xf-+."5=4  7r3.5(-)       , 
'  3 


lf58.75X---=l40.6<-) 
25 


iu4U5      andUsne  468  ,75X--.^90  .6( -) 


'L^Lg      and   L2Ij3 


'L3Ij4      and      L4li5 


30 

30O        X— =250.0(+) 
30 

25 

45 A        X — =575i0(+) 
30 


1  t 

140.6X1-   +15=202. 4(-)l 
3 

i  12  ^     ,, 

:        3qc.6Xl-+4l--=562.^.(-}i 

!  3         4 

I 

-1  o 

i       25r,.0Xl-'^26-=3GC.0(  +  ), 
3        3  I 


^75      Xl'-+4  0=54r.o(  + J 
3 


.....ft^i-  ^c^•:;■x-^     -i-*^  ..^..e-;wfc^=>    ,..-.^^,*.." 


.^*f'  *>i*4.-»«l* 


-/  I 


-*??«•%."'  .'i     ''  .-i'-.i 
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Bar 


lUoLl 


juiLi 
IJ5L5 


^        T' 


P2L3 


^2^3 


L3U4 


'3U4 


U4.L5 


-f4^5 


Dead.   Stress 


Live  Stress. 


39 

168.75    X —  =219.r(+) 
30 


25 


(-0 


59 

131.25   X—  =170.5    (-) 
.      30 


12.5   (+) 


39 
93,75   X—  =121.9(  +  ) 
30 


39 
56*85    X —  =«    73,1(~) 
30 


39 

18.75   X —  =  24.4(  +  } 
30 


I 


39 

243   X —     =316.0(  +  ) 
3® 


7C.C(-) 

39 

196X —        =235.0   (-) 
30 

0. 


I  59 

154X — 

3r 

39 

19X  — 

30 


39 


.17X— 
SO 

39 
36X— 

50 


=200. 0(  +  ) 


=   24.  7(-; 


=152. C(~) 


46.7(  +  ) 


59 


85    X' 


50      = 


59 
58X — 

30 


11C.5(  +  ) 
75. 4(-) 


It    is    <r/idsni.   frcm  a"bove  that    the  diag-onal   U4L5_ma:/  have 
eithfr   t-^jnsion   or   compr^s^icn   depsndir.g  upC'"   th*^  position   of 
tlv-    liv=   load,   but    in   i;h=,  oth<?r  diagonals   the   live   load   is 
insuff ici^^nt   to   reverse  the  dead   stress,    h"nce  thess  bars 
will  nevfir  havo  but    on''-  kir-'.d   of    stress,   '"'ere   this   a  Pratt 
pin  trus^,    counters  v^-ould  ordinarily  b.-i  used  in  panels  4-5  and 
5-6, 


I.  *'.  *^J  f  .r  C' 


v'^      ••  -* 


>d- 
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